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Title: Streptococcus vaccines comprising capsular deficient 
mutants. , 

The invention relates to the field of bacterial vaccines, more 
in particular to vaccines directed against Streptococcus 
infections ♦ 

Streptococcus species,- of which there are a large variety 
5 causing infections in domestic animals and man, are often 

grouped according to Lancef ield' s groups. Typing according to 
Lancefield occurs on the basis of serological determinants or 
antigens that are among others present in the capsule of the 
bacterium and allows for only an approximate determination, 

10 often bacteria from a different group show cross-reactivity 

with each other, while. other Streptococci can not be assigned 
a group-determinant at all. Within groups, further 
differentiation is often possible on the basis of serotyping; 
these serotypes further contribute to the large antigenic 

15 variability of Streptococci, a fact that creates an array of 
difficulties within diagnosis of and vaccination against 
Streptococcal infections , 

Lancefield group A Streptococcus species (GAS, 
Streptococcus pyogenes) , are common with children, causing 

20 nasopharyngeal infections and complications thereof. Among 
animals, especially cattle are susceptible to GAS, whereby 
often mastitis is found. 

Group A streptococci are the etiologic agents of 
streptococcal pharyngitis and impetigo, two of the commonest 

25 bacterial infections in children, as well as a variety of less 
common but potentially life-threatening infections, including 
soft tissue infections, bacteraemia, and pneumonia. In 
addition, GAS are uniquely associated with the postinfectious 
autoimmune syndromes of acute rheumatic fever and 

30 poststreptococcal glomerulonephritis. 

Several recent reports suggest that the incidence both of 
serious infections due to GAS and of acute rheumatic fever has 
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increased during the past decade, focusing renewed interest on 
defining the attributes or virulence factors of the organism 
that may play a role in the pathogenesis of these diseases. 

GAS produce several surface components and extracellular 
5 products that may be important in virulence. The major surface 
protein, M protein, has been studied in the most detail and 
has been shown convincingly to play a role in both virulence 
and immunity. Isolates rich in M protein are able to grow in 
human blood, a property thought to reflect the capacity of M 

10 protein to interfere with phagocytosis, and these isolates 
tend to be virulent in experimental animals. 

Clinical observations have suggested that the hyaluronic 
acid capsule is also important in virulence: mucoid, or highly 
encapsulated, strains are uncommon among clinical isolates of 

15 GAS in general, but appear to be proportionally more frequent 
among GAS isolates associated with invasive infections or 
acute rheumatic fever. In a survey of more than 1,100 GAS 
isolates collected in the United States between 1988 and 1990, 
Johnson et al. found that only 3% of pharyngitis isolates were 

20 mucoid. In contrast, 21% of the strains associated with 
invasive infections were mucoid, and 43% of the isolates 
associated with acute rheumatic fever were mucoid- Although 
some bias in the collection of these strains cannot be 
excluded, the strikingly increased prevalence of mucoidy among 

25 invasive and rheumatic fever-associated isolates suggests an 
association between capsule expression and virulence. 

Lancefield group B Streptococcus (GBS) are most often 
seen with cattle, causing mastitis, however, human infants are 
susceptible as well, often with fatal consequences- Group B 

30 streptococci (GBS) constitute a major cause of bacterial 

sepsis and meningitis among human neonates born in the United 
States and Western Europe and are emerging as significant 
neonatal pathogens in developing countries as well. 

It is estimated that GBS strains are responsible for 

35 10,000 to 15,000 cases of invasive infection in neonates in 
the United States alone. Despite advances in early diagnosis 
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and treatment, neonatal sepsis due to GBS continues to carry a 
mortality rate of 15 to 20%. In addition, survivors of GBS 
meningitis have 30 to 50% incidence of long-term neurologic 
sequelae. The increasing recognition over the past two decades 
5 of GBS as an important pathogen for. human infants has 

generated renewed interest in defining the bacterial and host 
factors important in virulence of GBS and in the immune 
response to GBS infection. 

Particular attention- has focused on the capsular 

10 polysaccharide as the predominant surface antigen of the 
organisms- In a modification of the system originally 
developed by Rebecca Lancefield, GBS strains are serotyped on 
the basis of antigen differences in their capsular 
polysaccharides and the presence or absence of serologically 

15 defined C proteins. While GBS isolated from non-human sources i 
often lack a serologically detectable capsule, a large 
majority of strains associated with neonatal infection belong 
to one of four major capsular serotypes, la, lb, II or III. 
The capsular polysaccharide forms the outermost layer around 

20 the exterior of the bacterial cell, superficial to the cell 
wall. The capsule is distinct from the cell wall-associated 
group B carbohydrate. 

The group B polysaccharide, in contrast to the type- 
specific capsule, is present on all GBS strains and is the 

25 basis for serogrouping of the organisms into Lancefield's 
group B. Early studies by Lancefield and co-workers showed 
that antibodies raised in rabbits against whole GBS organisms 
protected mice against challenge with strains of homologous 
capsular type, demonstrating the central role of the capsular 

30 polysaccharide as a protective antigen. Studies in the 1970s 
by Baker and Kasper demonstrated that cord blood of human 
infants with type III GBS sepsis uniformly had low or 
undetectable levels of antibodies directed against the type 
III capsule, suggesting that a deficiency of anticapsular 

35 antibody was a key factor in susceptibility of human neonates 
to GBS disease. 
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Lancefield group C infections, such as those with S, 
equij. S. zooepldemicus , S. dysgalactiae, and others are mainly 
seen with horse, cattle and pigs^ but can also cross the 
species barrier to humans* Lancefield group D (S. bovis) 
5 infections are found with all mammals and some birds, 
sometimes resulting in endocarditis or septicaemia. 

Lancefield groups E, G, L, P, U and V (S. porcinus^ S, 
aanlsr S. dysgalactia^) are found with various hosts, causing 
neonatal infections, nasopharyngeal infections or mastitis. 
10 Within Lancefield groups R, S, and T, (and with ungrouped 

types) S. suls is found, an important cause of meningitis, 
septicemia, arthritis and sudden death in young pigs. 
Incidentally, it can also cause meningitis in man. 

S. suls strains are identified by their morphological, 
15 biochemical and serological characteristics. Serological 

classification is based on the presence of specific antigenic 
polysaccharides. So far, 35 different capsular types have been 
described. In several European countries, S. suis serotype 2 
is the most prevalent type isolated from diseased pigs, 
20 followed by serotypes 1 and 9, 

Little is known about the pathogenesis of the disease 
caused by 5. suis type 2. Various cellular components, such as 
muramidase-released protein (MRP) extracellular factor (EF) 
and cell-membrane associated proteins, fimbriae, 
25 haemagglutinins, and haemolysin have been suggested as 

virulence factors. However, the precise role of these protein 
components in the pathogenesis of the disease remains unclear. 

It is however, well known and generally accepted that the 
polysaccharidic capsule of various Streptococci and other 
30 gram-positive bacteria plays an important role in 

pathogenesis. The capsule enables these micro-organisms to 
resist phagocytosis and is therefore regarded as an important 
virulence factor. 

Compared to encapsulated S. suis strains, non- 
35 encapsulated S. suis strains are phagocytosed by murine 

polymorphonuclear leucocytes to a greater degree. Moreover, an 
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increase in thickness of capsule was noted for in vivo grown 
virulent strains while no increase was observed for avirulent 
strains. Therefor, these data again demonstrate the role of 
the capsule in the pathogenesis for 5. suis as well. 
5 Ungrouped Streptoccus species, such as S- mutans, causing 

carries with humans, S, uheris, causing mastitis with cattle, 
and S. pneumoniar causing major infections in humans, and 
Enterococcus faecilalis and E. faeciumr further contributed to 
the large group of Streptococci. 

10 Streptococcus pneumoniae (the pneumococcus ) is a human 

pathogen causing invasive diseases, such as pneumonia, 
bacteraemia, and meningitis. Despite the availability of 
antibiotics, pneumococcal infections remain common and can 
still be fatal, especially in high-risk groups, such as young 

15 children and elderly people. Particularly in developing 

countries, many children under the age of five years die each 
year from pneumococcal pneumonia. S. pneumoniae is also the 
leading cause of otitis media and sinusitis. These infections 
are less serious, but nevertheless incur substantial medical 

20 costs, especially when leading to complications, such as 
permanent deafness. The normal ecological niche of the 
pneumococcus is the nasopharynx of man. The entire human 
population is colonised by the pneumococcus at one time or 
another, and at a given time, up to 60% of individuals may be 

25 carriers. Nasopharyngeal carriage of pneumococci by man is 
often accompanied by the development of protection to 
infection by the same serotype. Most infections do not occur 
after prolonged carriage but follow the acquisition of 
recently acquired strains. Many bacteria contain surface 

30 polysaccharides which act as a protective layer against the 
environment. Surface polysaccharides of pathogenic bacteria 
usually make the bacteria resistant to the defense mechanisms 
of the host, e.g., the lytic action of serum or phagocytosis. 
In this respect, the serotype-specif ic capsular polysaccharide 

35 (CP) of Streptococcus pneumoniae, is an important virulence 
factor- Unencapsulated strains are avirulent, and antibodies 
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directed against the CP are protective. Protection is serotype 
specific; each serotype has its own, specific CP structure. 
Ninety different capsular serotypes have been identified. 
Currently, CPs of 23 serotypes are included in a vaccine. 
5 Vaccines directed against Streptococcus infections in 

general aim at utilising an immune response directed against 
the polysaccharide capsule of the various Streptococcus 
species, especially since the capsule is considered a main 
virulence factor for these bacteria. The capsule, during 
10 infection, provides resistance to phagocytosis and thus 

promotes the escape of the bacteria from the immune system of 
the host, protecting the bacteria by elimination by 
macrophages and neutrophils. 

The capsule particularly confers the bacterium resistance 
15 to complement-mediated opsonophagocytosis . In addition, some 
bacteria express capsular polysaccharides (CPs) that mimic 
host molecules, thereby avoiding the immune system of the 
host. Also, even when the bacteria have been phagocytosed, 
intracellular killing is hampered by the presence of a 
20 capsule. 

It is in general thought that only when the host has 
antibodies or other serum-factors directed against capsule 
antigens, the bacterium will get recognised by the immune 
system through the anticapsular-antibodies or serum-factors 

25 bound to its capsule, and will, through opsonisation, get 
phagocytosed and killed. 

However, these antibodies are serotype-specif ic, and will 
often only confer protection against only one of the many 
serotypes known within a group of Streptococci. 

30 For example, current commercially available S. suis 

vaccines, which are in general based on whole-cell-bacterial 
preparations, or on capsule-enriched fractions of S. suis, 
confer only limited protection against heterologous strains. 
Also, the current pneumococcal vaccine, licensed in the United 

35 States in 1983, consists of purified CPs of 23 pneumococcal 
serotypes whereas at least 90 CP types exist. 
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The composition of this pneumococcal vaccine was based on 
the frequency of the occurrence of disease isolates in the US 
and cross-reactivity between various serotypes. Although this 
vaccine protects healthy adults against infections caused by 
5 serotypes included in the vaccine;, it fails to raise a 

protective immune response in infants younger than 18 months 
and it is less effective in elderly people. In addition^ the 
vaccine confers only limited protection in patients with 
immunodeficiencies and haematology malignancies. 

10 In the light of above, improved vaccines are needed 

against Streptococcus infections. Much attention is being paid 
at producing CP vaccines by producing the relevant 
polysaccharides via chemical or recombinant means. However, 
chemical synthesis of polysaccharides is costly, 'and capsular 

15 polysaccharide synthesis by recombinant means necessitates 
knowledge about the relevant genes, which are not always 
available and need to de determined for each and every 
relevant serotype . 

20 The invention provides an acapsular Streptococcus mutant 

for use in a vaccine, a vaccine strain derived thereof and a 
vaccine derived thereof. Surprisingly, and against the grain 
of common doctrine, the invention does not focus on using 
(purified or isolated) capsular Streptococcus antigens or 

25 whole-cell-preparations comprising capsular Streptococcus 
antigens for a vaccine but provides use of a Streptococcus 
mutant deficient in capsular expression in a vaccine. 

Acapsular Streptococcus mutants have long been known in 
the art and can be found in nature. Griffith (J. Hyg. 27:113- 

30 159, 1928) demonstrated that pneumococci could be transformed 
from one type to another. If he injected live rough (acapsular 
or unencapsulated) type 2 pneumococci into mice, the mice 
would survive. If, however, he injected the same dose of live 
rough type 2 mixed with heat-killed smooth (encapsulated) type 

3 5 1 into a mouse, the mouse would die, and from the blood he 
could isolate live smooth type 1 pneumococci. At that time. 
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the significance of this transforming principle was not 
understood. However, understanding came when it was shown that 
DNA constituted the genetic material responsible for 
phenotypic changes during transformation. 

Streptococcus mutants deficient in capsular expression 
are found in several forms. Some are fully deficient and have 
no capsule at all, others form a deficient capsule, 
characterised by a mutation in a capsular gene cluster. 
Deficiency can for instance include capsular formation wherein 
the organization of the capsular material has been re- 
arranged, as for example demnosrable by electron microscopy. 
Yet others have a nearly fully developed capsule which is only 
deficient in a particular sugar component. 

Now, after much advance of biotechnology and despite the 
fact that little is still known about the exact localisation 
and sequence of genes involved in capsular synthesis in 
Streptococci, it is possible to create mutants of 
Streptococci, for example by homologous recombination or 
transposon mutagenesis, which has for example been done for 
GAS (Wessels et al., PNAS 88:8317-8321, 1991), for GBS (Weseis 
et al., PNAS 86: 8983-8987, 1989), for S. suis (Smith, ID-DLO 
Annual report 1996, page 18-19; Charland et al . , Microbiol. 
144:325-332, 1998) and for 5. pneumonia (Kolkman et al., j. 
Bact. 178:3736-3741, 1996). Such recombinant derived mutants, 
or isogenic mutants, can easily be compared with the wild-type 
strains from which they have been derived. 

In a preferred embodiment, the invention provides use of 
a recombinant-derived Streptococcus mutant deficient in 
capsular expression in a vaccine. Recombinant techniques 
useful in producing such mutants are for example homologous 
recombination, transposon mutagenises, and others, whereby 
deletions, insertions or (point ) -mutations are introduced in 
the genome. Advantages of using recombinant techniques are the 
stability of the obtained mutants (especially with homologous 
recombination and double cross-over techniques), and the 
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knowledge about the exact site of the deletion, mutation or 
insertion . 

In a much preferred embodiment^ the invention provides a 
stable mutant deficient in capsular expression obtainable for 
5 example through homologous recombination or cross over 

integration events. Examples of such a mutant can be found in 
the experimental part of this description, for example mutant 
lOcpsB or lOcpsEF is such a stable mutant as provided by the 
invention . 

10 The invention also provides a Streptococcus vaccine 

strain and vaccine that has been derived from a Streptococcus 
mutant deficient in capsular expression. In general, said 
strain or vaccine is applicable within the whole range of 
Streptococcal infections, be it for those with animals or man 

15 or with zoonotic infections. It is of course now possible to 
first select a common vaccine strain and derive a 
Streptococcus mutant deficient in capsular expression thereof 
for the selection of a vaccine strain and use in a vaccine 
according to the invention. 

20 In a preferred embodiment, the invention provides use 

of a Streptococcus mutant deficient in capsular expression in 
a vaccine wherein said Streptococcus mutant is selected from 
the group composed of Streptococcus group A, Streptococcus 
group B, Streptococcus suis and Streptococcus pneumonia . 

25 Herewith the invention provides vaccine strains and vaccines 
for use with these notoriously heterologous Streptococci, of 
which a multitude of serotypes exist. With a vaccine as 
provided by the invention that is derived from a specific 
Streptococcus mutant that deficient in capsular expression, 

30 the difficulties relating to lack of heterologous protection 
can be circumvented since these mutants do nor rely on 
capsular antigens per se to induce protection. 

In a preferred embodiment, said vaccine strain is 
selected for its ability to survive or even replicate in an 

35 immune-competent host or host cells and thus can persist for a 



10 



certain period, varying from 1-2 days to more than one or two 
weeks, in a host, despite its deficient character. 

Although an immunodef icient host will support replication 
of a wide range of bacteria that are deficient in one or more 
5 virulence factors, in general it is considered a 

characteristic of pathogenicity of Streptococci that they can 
survive for certain periods or replicate in a normal host or 
host cells such as macrophages- For example, Wiliams and 
Blakemore (Neuropath. Appl. Neurobiol.: 16, 345-355, 1990; 
10 Neuropath. Appl. Neurobiol.: 16, 377-392, 1990; J. Infect, 
Dis.: 162, 474-481, 1990) show that both polymorphonuclear 
cells and macrophage cells are capable of phagocytosing 
pathogenic S. suis in pigs lacking anti-S- suis antibodies, 
only pathogenic bacteria could survive and multiply inside 
15 macrophages and the pig. 

In a preferred embodiment, the invention, however, 
provides a deficient or avirulent mutant or vaccine strain 
which is capable of surviving at least 4-5 days, preferably at 
least 8-10 days in said host, thereby allowing the development 
20 of a solid immune response to subsequent Streptococcus 
infection. 

Due to its persistent but avirulent character, a 
Streptococcus mutant or vaccine strain as provided by the 
invention is well suited to generate specific and/or long- 

25 lasting immune responses against Streptococcal antigens, 

moreover because possible specific immune responses of the 
host directed against a capsule are relatively irrelevant 
because a vaccine strain as provided by the invention is in 
general not recognised by such antibodies. 

30 In addition, the invention provides a Streptococcus 

vaccine strain according the invention which strain comprises 
a mutant capable of expressing a Streptococcus virulence 
factor or antigenic determinant. 

In a preferred embodiment, the invention provides a 

35 Streptococcus vaccine strain according to the invention which 
strain comprises a mutant capable of expressing a 
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streptococcus virulence factor wherein said virulence factor 
or antigenic determinant is selected from a group of cellular 
components, such as muramidase-released .protein (MRP) 
extracellular factor (EF) and cell-membrane associated 
5 proteins, 60kDA heat shock protein, pneumococcal surf ace 
protein A (Psp A) , pneumolysin, C protein, protein M, 
fimbriae, haemagglutinins and haemolysin or components 
functionally related thereto. 

In a much preferred embodiment, the invention provides a 

10 StrBptococcus vaccine strain according to the invention which 
strain comprises a mutant capable of over-expressing said 
virulence factor. In this way, the invention provides a 
vaccine strain for incorporation in a vaccine which 
specifically causes a host to provide a immune response 

15 directed against antigenically important determinants of 
virulence (listed above) , thereby providing specific 
protection directed against said determinants. Over-expression 
can for example be achieved by cloning the gene involved 
behind a strong promoter, which is for example 

20 constitutionally expressed in a multicopy system, either in a 
plsamid or via intergration in a genome. 

In yet another embodiment, the invention provides a 
Streptococcus vaccine strain according to the invention which 
comprises a mutant capable of expressing a non-Streptococcus 

25 protein. Such a v^eator- Streptococcus vaccine strain allows, 
when used in a vaccine, protection against other pathogens 
than Streptococcus . 

Due to its persistent but avirulent character, a 
Streptococcus vaccine strain or mutant as provided by the 

30 invention is well suited to generate specific and long-lasting 
immune responses, not only against Streptococcal antigens, but 
also against other antigens when these are expressed by said 
strain. Especially antigens derived from another pathogen are 
now expressed without the detrimental effects of said antigen 

3 5 or pathogen which would otherwise have harmed the host- 
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An example of such a vector is a Streptococcus vaccine 
strain or mutant wherein said antigen is derived from a 
pathogen, such as Actinobacillus pleuropneumonia, 
Mycoplasmataer Bordetella^ Pasteurellar E. coli^ Salmonella^ 
5 Campylobacter^ Serpulina and others. 

The invention also provides a vaccine comprising a 
Streptococcus vaccine strain or mutant according to the 
invention and further comprising a pharmaceutically acceptable 
carrier or adjuvant. Carriers or adjuvants are well known in 
10 the art, examples are phosphate buffered saline, physiological 
salt solutions, (double-) oil-in-water-emulsions, 
aluminumhydroxide, Specol, block- or co-polymers, and others. 

A vaccine according to the invention can comprise a 
vaccine strain either in a killed or live form. For example, a 
15 killed vaccine comprising a strain having (over ) expressed a 
Streptococcal or heterologous antigen or virulence factor is 
very well suited for eliciting an immune response. In a 
preferred embodiment, the invention provides a vaccine wherein 
said strain is live, due to its persistent but avirulent 
20 character, a Streptococcus vaccine strain as provided by the 

invention is well suited to generate specific and long-lasting 
immune responses. 

Now that a Streptococcal vaccine is provided by the 
invention, the invention also provides a method for 
25 controlling or eradicating a Streptococcal disease in a 

population comprising vaccinating subjects in said population 
with a vaccine according to the invention. 

In a preferred embodiment, a method for controlling or 
eradicating a Streptococcal disease is provided comprising 
30 testing a sample, such as a blood sample, or nasal or throat 
swab, faeces, urine, or other samples such as can be sampled 
at or after slaughter, collected from at least one subject, 
such as an ixifant or a pig, in a population partly or wholy 
vaccinated with a vaccine according to the invention for the 
35 presence of encapsulated Streptococcal strains or mutants. 

Since a vaccine strain or mutant according to the invention is 
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not pathogenic, and can be distinguished from wild-type 
strains by capsular expression, the detection of (fully) 
encapsulated Streptococcal strains indicates that wild-type 
infections are still present. Such wild-type infected subjects 
5 can than be isolated from the remainder of the population 
until the infection has passed away. With domestic animals, 
such as pigs, it is even possible to remove the infected 
subject from the population as a whole by culling. Detection 
of wild-type strains can be achieved via traditional culturing 
10 techniques, or by rapid detection techniques such as PGR 
detection. 

In yet another embodiment, the invention provides a 
method for controlling or eradicating a Streptococcal disease 
comprising testing a sample collected from at least one 

15 subject in a population partly or wholly vaccinated with a-\ 
vaccine according to the invention for the presence of 
capsule-specific antibodies directed against Streptococcal , 
strains. Capsule specific antibodies can be detected with ^ 
classical techniques known in the art, such as used for 

20 Lancef ield' s group typing or serotyping. 

A much preferred embodiment of a method provided by the 
invention for controlling or eradicating a Streptococcal 
disease in a population comprises vaccinating subjects in said 
population with a vaccine according to the invention and 

25 testing a sample collected from at least one subject in said 
population for the presence of encapsulated Streptococcal 
strains and/or for the presence of capsule-specific antibodies 
directed against Streptococcal strains. 

For example, a method is provided according to the 

30 invention wherein said Streptococcal disease is caused by 
Streptococcus suls. 

The invention also provides a diagnostic assay for 
testing a sample for use in a method according to the 
invention comprising at least one means for the detection of 

35 encapsulated Streptococcal strains and/or for the detection of 
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capsule-specific antibodies directed against Streptococcal 
strains. 

The invention is further explained in the experimental 
part of the description without limiting the invention 
5 thereto. 

Experimental part: 

10 Streptococcus suis is an important cause of meningitis, 

septicemia, arthritis and sudden death in young pigs (4, 46) . 
Incidentally, it can also cause meningitis in man (1) . 5. suls 
strains are identified by their morphological, biochemical and 
serological characteristics- Serological classification is 

15 based on the presence of specific antigenic polysaccharides- So 
far, 35 different serotypes have been described (9, 14) . In 
several European countries, S. suis serotype 2 is the most 
prevalent type isolated from diseased pigs, followed by 
serotypes 9 and 1. Little is known about the pathogenesis of 

20 the disease caused by 5. suis type 2. Various bacterial 

components, such as extracellular and cell-membrane associated 
proteins, fimbriae, haemaglutinins, and haemolysin have been 
suggested as virulence factors (9, 10, 11, 15, 16, 47, 49) 
However, the precise role of these protein components in the 

25 pathogenesis of the disease remains unclear (37) . 

It is well known that the polysaccharidic capsule of various 
Streptococci and other gram-positive bacteria plays an 
important role . in .pathogenesis (3,. 6, 35, 51, 52), The capsule 
enables these micro-organisms to resist phagocytosis and is 

30 therefore regarded as an important virulence factor. Recently, 
a role of the capsule of S. suis in the pathogenesis was 
suggested as well (5) - Within S. suis serotypes 1 and 2 strains 
can differ in virulence for pigs (41, 45, 49) . Some type 1 and 
2 strains are virulent, other strains are not. Because both 

35 virulent and non-virulent strains of serotype 1 and 2 strains 
are fully encapsulated, these data clearly show that capsule is 

I 

I 

I 
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not the only factor required for virulence. Therefore, to 
provide conclusive data regarding the role of the capsule in 
the pathogenesis isogenic mutants impaired in capsule 
production are required. 
5 Biosynthesis of capsule polysaccharides has been studied in 

a number of Gram-positive and Gram-negative bacteria (32) . In 
Gram-negative bacteria, but also in a number of gram-positive 
bacteria, the genes which are involved in the biosynthesis of 
polysaccharides are clustered at a single locus (32) . Moreover, 

10 the capsular genes showed a common genetic organisation 

involving three distinct regions (32) . The central region is 
type specific and encodes enzymes responsible for the synthesis 
and polymerisation of the polysaccharides. This region is 
flanked by two conserved regions presumed to encode proteins 

15 for common functions such as transport of the polysaccharide 
across the cellular membrane - 

The structure, organisation and functioning of the genes> 
responsible for capsule polysaccharide synthesis (cps) in S. 
suis is unknown. In the present paper we describe the isolation 

20 and molecular characterisation of a 16 kb fragment containing 
the 5' end of the cps gene cluster of S. su±s type 2. In 
addition^ we show that isogenic mutants obtained after double 
cross-over recombination events in the cps2B or cps2EF genes 
are resistant to phagocytosis by alveolar lung macrophages in 

25 vitro and are not virulent for young germfree pigs. 

Attempts to control S. suis infections or disease are still 
hampered by the lack of knowledge about the epidemiology of 
the disease and the lack of effective vaccines and sensitive 
diagnostics . 

30 S. suis strains are usually identified and classified by 

their morphological, biochemical and serological 
characteristics (58, 59, 46) . Serological classification is 
based on the presence of specific antigenic polysaccharides. 
So far, 35 different serotypes have been described (9, 56, 

35 14) . In several European countries, S. suis serotype 2 is the 
most prevalent type isolated from diseased pigs, followed by 
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serotypes 9 and 1. Serological typing of S. suis is carried 
out using different types of agglutination tests. In these 
tests, isolated and biochemically characterized S. suis cells 
are agglutinated with a panel of 35 specific sera. These 
5 methods are very laborious and time-consuming. A comparison of 
the predicted amino acid sequences of the cps2 genes with 
sequences found in the databases allowed the tentative 
assignment of functions to most of the open reading frames. 
The organization of the cps 2 locus of 5. suis type 2 seemed 
10 to be identical to the organization of the cps loci in a 

number of Gram-negative and Gram-positive bacteria (19, 32, 
63) . The central region seemed to contain the type specific 
glycosyltransf erases and the putative polysaccharide 
polymerase. This region is flanked by two regions presumed to 
15 encode for proteins with common functions, such as regulation 
and transport of polysaccharide across the membrane. . 

We further describe the isolation and molecular 
characterization of the type specific cps genes of S. suis 
types 1 and 9. In addition, we describe the genetic diversity 
20 of the cps loci of serotypes 1, 2 and 9 among the 35 S. suis 
serotypes. Type-specific probes could be idontified. Based on 
these data we developed a type-specific PGR for serotype 9. 
The PGR is a rapid, reliable and sensitive assay. Moreover, we 
showed that this PGR could be used directly on nasal or 
25 tonsillar swabs of infected or carrier animals. 

MATERXAIi AMD METHODS 

Bacberxal st:rai.n3 and growth conditions. 

30 The bacterial strains and plasmids used in this study are 

listed in Table 1. S. suis strains were grown in Todd-Hewitt 
broth (code GM189, Oxoid) , and plated on Golumbia agar blood 
base (code GM331, Oxoid) containing 6% (v/v) horse blood. 
E.coli strains were grown in Luria broth (28) and plated on 

35 Luria broth containing 1.5% (w/v) agar. If required, 

antibiotics were added to the plates at the following 
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concentrations: spectinomycin : 100 ug/ml for 5. suis and 50 
ug/ml for E, coli and ampicillin^ 50 ug/ml. 

Serotyping. The S.suis strains were serotypes by the slide 
agglutination test with serotype-specif ic antibodies (44) . 
5 DNA technxqpies . Routine DNA manipulations were performed as 
described by Sambrook et al . (36). 

Alkaline phospliat:ase activity. To screen for PhoA fusions in 
E.colir plasmid libraries were constructed. Therefore, 
chromosomal DNA of S. suis type 2 was digested with Alul . The 

10 300-500-bp fragments were ligated to S/nal-digested pPHOS2. 

Ligation jmixtures were transformed to the PhoA" E. coli strain 
CC118. Transf ormants were plated on LB media supplemented with 
5-Bromo-4-chloro-3-indolylf osf aat (BCIP, 50 ug/ml, Boehringer, 
Mannheim, Germany) . Blue colonies were purified on fresh 

15 LB/BCIP plates to verify the blue phenotype. 

DNA secjuence analysis. DNA sequences were determined on a 373A 
DNA Sequencing System (Applied Biosystems, Warrington, GB) . 
Samples were prepared by use of a ABI/PRISM dye terminator 
cycle sequencing ready reaction kit (Applied Biosystems) • 

20 Sequencing data were assembled and analyzed using the 

MacMollyTetra program. Custom-made sequencir-g primers were 
purchased from Life Technologies. Hydrophobic stretches within 
proteins were predicted by the method of Klein et al. (17) . The 
BLAST program available on Netscape Navigator*^^ was used to 

2 5 search for protein sequences homologous to the deduced amino 
acid sequences* 

Const:ruc^ion of gene-specific knock-out mutants of S. suis. To 

construct the mutant strains lOcpsB and lOcpsEF we 
electrotransf ormed the pathogenic serotype 2 strain 10 

30 (45, 49) of S. suis with pCPSll and pCPS28 respectively. In 
these plasmids the cpsB and cpsEF genes were disturbed by the 
insertion of a spect inomycin-resistance gene. To create pCPSll 
the internal 4 00 bp Pstl-BamHI fragment of the cpsB gene in 
pCPS7 was replaced by the Spc^ gene. For this purpose pCPS7 was 

35 digested with PstI and BamHl and ligated to the 1,200-bp PstI- 



BamHl fragment^ containing the Spc^ gen, from pIC-spc. To 
construct pCPS28 we have used pIC20R, In this plasmid we 
inserted the Kpnl-Sall fragment from pCPS17 (resulting in 
pCPS25) and the Xhal-Clal fragment from pCPS20 (resulting in 
5 pCPS27). pCPS27 was digested with Pstl and Xhol and ligated to 
the 1,200-bp Pstl-Xhol fragment, containing the Spc^ gene of 
pIC-spc. The electrotransf ormation to S. su±s was carried out 
as described before (38) . 

Soutihern blotting and hybridization. Chromosomal DNA was 
10 isolated as described by Sambrook at al. (36) . DNA fragments 
were separated on 0.8% agarose gels and transferred to Zeta- 
Probe GT membranes (Bio-Rad) as described by Sambrook et al. 
(36). DNA probes were labelled with [( -32p]dCTP (3000 Ci 
inmol~l; Amersham) by use of a random primed labelling kit 
15 (Boehringer) . The DNA on the blots was hybridized at 65^0 with 
appropriate DNA probes as recommended by the supplier of the 
Zeta-Probe membranes. After hybridization, the membranes were 
washed twice with a solution of 40 mM sodium phosphate, pH 
7.2, 1 mM EDTA , 5% SDS for 30 min at 65^0 and twice with a 
20 solution of 40 mM sodium phosphate, pH 7.2, 1 mM EDTA, 1% SDS 
for 30 min at 65^0. 

Electron Microscopy. Bacteria were prepared for electron 
microscopy as described by Wagenaar et al . (50). Shortly, 
bacteria were mixed with agarose MP (Boehringer) of 37^ c to a 

25 concentration of 0.7%. The mixture was immediately cooled on 
ice. Upon gelifying, samples were cut into 1 to 1.5 mm slices 
and incubated in a fixative containing 0.8% glutaraldehyde and 
0.8% osmiumtetraoxide . Subsequently, the samples were fixed 
and stained with uranyl acetate by microwave stimulation, 

30 dehydrated and imbedded in eponaraldite resin. Ultra-thin 

sections were counterstained with lead citrate and examined 
with a Philips CM 10 electron microscope at 80 kV, 
Isolation of porcine alveolar macrophages (AM) . Porcine AM were 
obtained from the lungs of specific pathogen free (SPF) pigs. 

i 
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Lung lavage samples were collected as described by van Leengoed 
et ai. (43) . Cells were suspended in EMEM containing 6% (v/v) 

SPF-pig serum and adjusted to 10^ cells per ml. 
Phagocytosis assay. Phagocytosis assays were performed as 
5 described by Leij et al. (23). Briefly^, to opsonize the cells^ 
10^ S, suls cells were incubated with 6% SPF-pig serum for 30 
min at 37^0 in a head-over-head rotor at 6 rpm. 10^ AM and 10^ 

opsonized S. suis cells were combined and incubated at 37^C 
under continuous rotation at 6 rpm. At 0, 30, 60 and 90 min, 1- 
10 ml samples were collected and mixed with 4 ml of ice-cold EMEM 
to stop phagocytosis. Phagocytes were removed by centrif ugation 

for 4 min at 110 x g and 4^C. The number of colony forming 
units (CFU) in the supernatants was determined. Control 

experiments were carried out simultaneously by combining 10^ 
15 opsonized S. suis cells with EMEM (without AM) . 

Killing assays. The killing assay was described by Leij et.al. 

(23) . AM (lO'^/ml) and opsonized S. suis cells (lO'^/ml) were 

mixed 1 : 1 and incubated for 10 min at 31^C under continuous 
rotation at 6 rpm. Ice-cold EMEM was added to stop further 
20 phagocytosis and killing. To remove extracellular S. suis 

cells, phagocytes were washed twice (4 min, 110 x g, 4^C) and 
resuspended in 5 ml EMEM containing 6% SPF serum. The tubes 

were incubated at 31^C under rotation at 6 rpm. After 0, 15, 
30, 60 and 90 min, samples were collected and mixed with ice- 

25 cold EMEM to stop further killing. The samples were centrif uged 
for 4 min at 110 x g at A^C and the phagocytic cells were lysed 
in EMEM containing 1% saponine for 20 min at room temperature. 
The number of CFU in the suspensions was determined. 
Pigs. Germfree pigs, cross-breeds of Great Yorkshire and Dutch 

30 landrace, were obtained from sows by caesarian sections- The 

surgery was performed in sterile flexible film isolators. Pigs 
were allotted to groups, each consisting of 4 pigs, and were 
housed in sterile stainless steel incubators- Housing 
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conditions and feeding regimes were as described before (45, 
49) . 

Experiment:al Infections. Pigs were inoculated intranasally with 
S. suls type 2 as described before (45, 49) . To predispose the 
5 pigs for infection with S, suisr five-day old pigs were 
inoculated intranasally with about 10^ CFU of Bord&tella 
hronchlseptica. strain 92932. Two days later the pigs were 
inoculated intranasally with S. suis type 2 (10^ CFU) • Pigs 
were monitored twice daily for clinical signs of disease, such 

10 as fever, , nervous signs and lameness. Blood samples were 

collected* three times a week from each pig. White blood cells 
were counted with a cell counter. To monitor infection with S. 
suis and B. hronchiseptica and to check for absence of 
contaminants, we collected swabs of nasopharynx and feces 

15 daily. The swabs were plated directly onto Coluit±>ia agar 

containing 6% horse blood* After three weeks the pigs were 
killed and examined for pathological changes. Tissue specimens 
from the central nervous system, serosae, and joints were 
examined bacter iologically and histologically as described 

20 before (45, 49) . Colonization of the serosae was scored 

positively when' 5. suls was isolated from the pericardium, 
thoracal pleura or the peritoneum. Colonization of the joints 
was scored positively when S. suis was isolated from one or 
more joints (12 joints per animal were scored) . 

25 Vaccina'tion and challenge 

One week old pigs were vaccinated intravenously with a dosage 
of 106 cfu of the S. suis strains lOcpsEF or lOcpsB. Three 
weeks later the -pigs were challenged - intravenously with -the 
pathogenic serotype 2 strain 10 (107 cfu) . Disease monitoring, 

30 haematological , serological and bacteriological examinations as 
well as post-mortum examinations were as described before under 
experimental infections . 

RESUliTS 

35 
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Identification of the cps locus. 

The first part of the cps locus of S.suis type 2 was identified 
by making use of a strategy developed for the genetic 
identification of exported proteins (13, 31) . In this system we 
5 made use of a plasmid (pPH0S2) containing a truncated alkaline 
phosphatase gene (13) . The gene lacked the promoter sequence, 
the translational start site and the signal sequence. The 
truncated gene is precede by a unique SmaT restriction site. 
Chromosomal DNA of S. su±s type 2, digested with AluZ, was 

10 randomly cloned in this restriction site. Because translocation 
of PhoA. across the cytoplasmic membrane of E. coll is required 
for enzymatic activity, the system can be used to select for S, 
suls fragments containing a promoter sequence, a translational 
start site and a functional signal sequence. Among 560 

15 individual E. coll clones tested, 15 displayed a dark blue 

phenotype when plated on media containing BCIP. DNA sequence 
analysis of the inserts from several of these plasmids were 
performed (results not shown) and the deduced amino acid 
sequences were analyzed. The hydrophobicity profile of one of 

20 the clones (pPHOS7, results not shown) showed that the N- 

terminal part of the sequence resembled the characteristics of 
a typical signal peptide: a short hydrophilic N-terminal region 
is followed by a hydrophobic region of 38 amino acids. These 
data indicate that the phoA system was successfully used for 

25 the selection of S. suls genes encoding exported proteins. 

Moreover, the sequences were analyzed for similarities present 
in the databases. The sequence of pPH0S7 showed a high 
similarity (37% identity) with the protein encoded by the 
cpsl4C gene of Streptococcus pneumoniae (19) . This strongly 

30 suggests that pPH0S7 contains a part of the cps operon of S. 
suls type 2. 

Cloning of the flanking qps genes. In order to clone the 
flanking cps genes of S. suls type 2 the insert of pPHOS7 was 
35 used as a probe to identify chromosomal DNA fragments which 
contain flanking cps genes. A 6-kb Hindlll fragment was 
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identified and cloned in pKUNl9. This yielded clone pCPS6 (Fig. 
IC) . Sequence analysis of the insert of pCPS6 revealed that 
pCPS6 most probably contained the 5 • -end of the cps locus, but 
still lacked the 3 ' -end (see below). Therefore, sequences of 
5 the 3' -end of pCPS6 were in turn used as a probe to identify 
chromosomal fragments containing cps sequences located further 
downstream. These fragments were also cloned in pKUN19, 
resulting in pCPS17. Using the same system of chromosomal 
walking we subsequently generated the plasmid pCPSlB, pCPS20, 
10 pCPS23 and pCPS2 6, containing downstream cps sequences. 

Analysis * of the cps operon. The complete nucleotide sequence of 
the cloned fragments was determined. Examination of the 
compiled sequence revealed the presence of at least 13 

15 potential open reading frame (Orfs), which were designated as 
Orf 2Y, Orf2X and Cps2A-Cps2K (Fig, lA) . Moreover, a 14th, 
incomplete, Orf (Orf 2Z) was located at the 5 ' -end of the 
sequence. Two potential promoter sequences were identified. One 
was located 313 bp (locations 1885-1865 and 1884-1889) 

2 0 upstream of Orf2X- The other potential promoter sequence was 

located 68 bp upstream of Orf2Y (locations 2241-2236 and 2216- 
2211) . Orf2Y is expressed in opposite orientation. Between Orfs 
2Y and 22 the sequence contained a potential stem-loop 
structure, which could act as a transcription terminator. Each 

25 Orf is preceded by a ribosome-binding site and the majority of 
the Orfs are very closely linked. The only significant 
intergenic gap was found between Cps2G and Cps2H (38 9 
nucleotides) . However^ no obvious promoter sequences or 
potential stem-loop structures were found in this region. These 

30 data suggest that Orf2X and Cps2A-Cps2K are arranged as an 
operon . 

An overview of all Orfs with their properties is shown in 
Table 2. The majority of the predicted gene products is 
homologous to proteins involved in polysaccharide biosynthesis. 
35 Orf2Z showed some similarity with the YitS protein of Bacillus 
subtllis, YitS was identified during the sequence analysis of 
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the complete genome of B. subtilis , The function of the protein 
is unknown. 

Orf2Y showed homology with YcxD protein of B. subtilis (53) . 
Based on the homology between YcxD and MocR of Rhlzoblum 
5 meliloti (33) , YcxD was suggested to be a regulatory protein. 

Orf2X showed homology with the hypothetical YAAA proteins of 
Haemophilus Influenzae and E, coll. The function of these 
proteins is unknov.^n. 

The gene products encoded by the cps2A, cps2B, cps2C and 

10 cps2D genes showed significant homologies with the CpsA;. CpsC, 
CpsD and .CpsB proteins of several serotypes of Streptococcus 
pneumoniae (19) , respectively. This strongly suggest similar 
functions for these proteins- Hence, Cps2A may have a role in 
the regulation of the capsular polysaccharide synthesis. Cps2B 

15 and Cps2C could be involved in the chain length determination 
of the type 2 capsule and Cps2C can play an additional role in 
the export of the polysaccharide. The Cps2D protein of S. suis 
is homologous to the CpsB protein of S. pneumoniae and to 
proteins encoded by genes of several other Gram-positive 

20 bacteria involved in polysaccharide or exopolysacchar ide 
synthesis, but their function is unknown (19) . 

The protein encoded by cps2E gene showed homology to several 
bacterial proteins with glycosyl transferase activities: Cpsl4E 
and Cpsl9fE of S. pneumoniae serotypes 14 and 19F (18, 19, 29), 

25 CpsE of Streptococcus salvarius (X94980) and CpsD of 

Streptococcus agalactiae (34). Recently, Kolkman et al. (18) 
showed that Cpsl4E is a glucosyl-l-phosphate transferase that 
links glucose to a lipid carrier, the first step in the 
biosynthesis of the S. pneumoniae type 14 repeating unit. Based 

30 on these data a similar function may be fulfilled by Cps2E of 
S. suis . 

The protein encoded by the cps2F gene showed similarity to 
the protein encoded by the rfbU gene of Salmonella enteritica . 
(25) . This similarity is most pronounced in the C-terminal 
35 regions of these proteins- The rfbU gene was shown to encoded 
mannosyltransf erase activity (25) . 
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The cps2G gene encoded a protein that showed moderate 
similarity with the rfbF gene product of Campy! ojbacter hyollei 
(22) r the epsF gene product of S. thermophilus (40) and the 
capM gene product of S, aureus (24) . On the basis of homology 
5 the rfbFr epsF and capM genes are suggested to encoded 

galactosyltransf erase activities. Hence, a similar glycosyl 
transferase activity could be fulfilled by the cps2G gene 
product . 

The cps2H gene encodes a protein that is similar to the N- 
10 terminal region of the IgtD gene product of Haemophilus 

Influenzae (U327 68) . Moreover, the hydrophobicity plots of 
Cps2H and LgtD looked very similar in these regions (data not 
shown) . Based on sequence homology the IgtD gene product was 
suggested to have glycosyl transferase activity (U32768) . 
15 The gene product encoded by the cps2I gene showed some 

similarity with a protein of Aatlnohaclllus 

actinomycetemcomitans (ABG02668) . This protein is part of the 
gene cluster responsible for the serotype-b-specif ic antigen of 
A, actimycetemcomitans. The function of the protein is unknown. 

2 0 The gene products encoded by the cps2J and cps2K genes 

showed significant similarities to the Cpsl^J protein of S. 
pneumoniae , The cpsl4J gene of S. pneumoniae was shown to 
encode a a-1, 4-galactosyltransf erase activity. In 
pneumoniae CpsJ is responsible for the addition of the fourth 

25 (i.e. last) sugar in the synthesis of the S. pneumoniae 

serotype 14 polysaccharide (20) . Even some similarity was 
found between Cps2J and Cps2K (Fig. 2, 25.5% similarity). This 
-sdmilajrity was - most -pronounced dn - the N-terminal regions of the 
proteins. Recently, two small conserved regions were identified 

30 in the N-terminus of Cpsl4J and Cpsl4I and their homologues 
(20) . These regions were predicted to be important for 
catalytic activity. Both regions, DXS and DXDD (Fig. 2), were 
also found in Cps2J and Cps2K. 
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Cons-bruckxon of mut:an'bs impaired In capsule production. To 

evaluate the role of the capsule of S. suis type 2 in the 
pathogenesis, we constructed two isogenic mutants in which 
capsule production was disturbed. To construct mutant lOcpsB, 
5 pCPSll was used. In this plasmid a part of the cps2B gene was 
replaced by the spectinomycin-resistance gene. To construct 
mutant strain lOcpsEF the plasmid pCPS28 was used. In pCPS28 
the 3 '-end of cps2E gene as well as the 5 ' -end of cps2F gene 
were replaced by the spectinomycin-resistance gene. pCPSll and 

10 pCPS28 were used to electrotransf orm strain 10 of S. suis type 
2 and spectinomycin-resistant colonies were selected. Southern 
blotting 'and hybridization experiments were used to select 
double cross over integration events (results not shown) . 
To test whether the capsular structure of the strains lOcpsB 

15 and lOcpsEF was disturbed, we used a slide agglutination test 

using a suspension of the mutant strains in hyperimmune anti-S* 
suis type 2 serum (44). The results showed that even in the 
absence of serotype specific antisera, the bacteria 
agglutinated. This indicates that in the mutant strains the 

20 capsular structure was disturbed. To confirm this, thin 

sections of wild type and mutant strains were compared by 
electron microscopy. The results showed that compared to the 
wild type (Fig. 3A) the amount of capsule produced by the 
mutant strains was greatly reduced (Figs. SB and 3C) . Almost no 

25 capsular material could be detected on the surface of the 
mutant strains. 

Capsular mu^ban^s are senslt:lve t:o phagocy-bosls and Icllllng by 
porcine alveolar macrophages (PAM) . The capsular mutants were 

30 tested for their ability to resist phagocytosis by PAM in the 
presence of porcine SPF serum. The wild type strain 10 seemed 
to be resistant to phagocytosis under these conditions (Fig. 
4A) . In contrast, the mutant strains were efficiently ingested 
by macrophages (Fig. 4A) . After 90 min. more than 99,7% (strain 

35 lOcpsB) and 99.8% (strain lOcpsEF) of the mutant cells were 

ingested by the macrophages. Moreover, as shown in Fig. 4B the 
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ingested strains were efficiently killed by the macrophages. 
90-98% of all ingested cells were killed within 90 min. No 
differences could be observed between wild type and mutant 
strains. These data indicate that the capsule of S, suis type 2 
5 efficiently protects the organism from uptake by macrophages in 

Capsular mui::ant:s are less virulent for gennfree pigle-ts. The 

virulence properties of the wild-type and mutant strains were 

10 tested after experimental infection of newborn germfree pigs 
(45,. 49) . Table 1 shows that specific and nonspecific signs of 
disease could be observed in all pigs inoculated with the wild 
type strain. Moreover, all pigs inoculated with the wild type 
strain died during the course of the experiment or were killed 

15 because of serious illness or nervous disorders (Table 3) . In 
contrast, the pigs inoculated with strains lOcpsB and lOcpsEF 
showed no specific signs of disease and all pigs survived until 
the end of the experiment. The temperature of the pigs 
inoculated with the wild type strain increased 2 days after 

20 inoculation and remained high until day 5 (Table 3) . The 

temperature of the pigs inoculated with the mutant strains 
sometimes exceeded the 40*^C, however, we could observe 
significant differences in the fever index [i.e % of 
observations in an experimental group during which pigs showed 

25 fever (>40OC) ] between pigs inoculated with wild type and 
mutant strains. All pigs showed increased numbers of 
polymorphonuclear leucocytes (PMLs) (>10 x 10^ PMLs per litre) 
(Table 3) . However, in pigs inoculated with the mutant strains 
the percentage of samples with increased numbers of PMLs was 

30 considerably lower. S. suis strains and B. bronchiseptica could 
be isolated from the nasopharynx and feces swab samples of all 
pigs from 1 day post-infection until the end of the experiment 
(Table 3) , Postmortem, the wild type strain could frequently be 
isolated from the central nervous system (CNS), kidney, heart, 

35 liver , spleen, serosae, joints and tonsils. Mutant strains 

i 
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could easily be recovered form the tonsils, but were never 
recovered from the kidney, liver or spleen. Interestingly, low 
numbers of the mutant strains were isolated from the . CNS, the 
serosae, the joints, the lungs and: the heart. Taken . together, 
5 these data strongly indicated that faut^ot S. suis .strains, 
impaired in capsule production, are not virulent for young 
germfree pigs. 

DISCUSSION 

10 

We describe the identification and the molecular 
characterization of the cps locus, involved in the capsular 
polysaccharide biosynthesis, of S. suis serotype 2. 
A region of 16 kb was cloned and sequenced. 14 open reading 

15 frames were identified. Most of the genes seemed to belong to a 
single transcriptional unit, suggesting a co-ordinate control 
of these genes. Based on sequence similarities we could assign 
putative functions to most of the gene products. We thereby- 
identified regions involved in regulation (Cps2A) , chain length 

20 determination (Cps2B, C) , export (Cps2C) and biosynthesis 

(Cps2E, F, G, H, J, K) . The overall organization seemed to be 
similar to that of the ops and eps gene clusters of a number of 
Gram-positive bacteria (19, 32, 42) • The region involved in 
biosynthesis is located at the centre of the gene cluster and 

2 5 is flanked by two regions containing genes with more coiranon 

functions. Although, based on sequence similarities a role of 
most the gene products in the polysaccharide biosynthesis could 
be envisaged, the role of the orf2Zf orf2Y and orf2X genes 
remains unclear sofar. The incomplete orf2Z gene was located at 

30 the 5 '-end of the cloned fragment. Orf2Z showed some similarity 
with the YitS protein of S.sujbtilis. However, because the 
function of the YitS protein is unknown this did not give us 
any information about the possible function of Orf2Z. Because 
the orf2Z gene is not a part of the cps operon, a role of this 

35 gene in polysaccharide biosynthesis is not expected. The 

analysis of isogenic mutants impaired in the expression of 
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Orf2Z should confirm this idea. The Orf2Y protein showed some 
similarity with the YcxD protein of B.subtills (53) .The YcxD 
protein was suggested to be a regulatory protein. Similarly, 
Orf2Y may be involved in the regulation of polysaccharide 
5 biosynthesis. The Orf2X protein showed similarity with the YAAA 
proteins of H. influenzae and coli. The function of these 
proteins is unknown. In S. suls type 2 the orf2X gene seemed to 
be the first gene in the cps2 operon.This suggests a role of 
Orf2X in the polysaccharide biosynthesis. In H. Influenzae and 
10 coll , however, these proteins are not associated with 

capsular gene clusters. The analysis of isogenic mutants 
impaired' in the expression of Orf 2X should give more insight in 
the presumed role of Orf2X in the polysaccharide biosynthesis 
of S- suls type 2. 
15 The gene products encoded by the cps2E^ cps2F^ cps2Gr cps2H^ 

cps2J and cps2K genes showed some similarity with 
glycosyltransf erases of several Gram-positive or Gram-negative 
bacteria (18, 19, 20, 22, 25) . The cps2E gene product showed 
strong homology with the Cpsl4E protein of S. pneumoniae (18, 
20 19) . Cpsl4E is a glucosyl-l-phosphate transferase that links 
glucose to a lipid carrier (18) . In S. pneumoniae this is the 
first step in the biosynthesis of the oligosaccharide repeating 
unit. The structure of the 5. suls serotype 2 capsule is 
unsolved, but it contains glucose, galactose, rhamnose, N- 
25 acetyl glucoseamine and sialic acid in a ratio of 3:1:1:1:1 
(7) . Based on these data we speculate that Cps2E of S. suls 
could have glucosyltransf erase activity, and is probably 
involved in the linkage of the first sugar to the lipid 
carrier . 

3 0 The C-terminal region of the cps2F gene product showed some 

homology with the RfbU of Salmonella enterltlca. RfbU was shown 
to have mannosyltransf erase activity (24) . Because mannosyl is 
not a component of the S. suls type 2 polysaccharide a 
mannosyltransf erase activity is not expected in this organism. 

35 Nevertheless, cps2F could encode a glycosyltransf erase with 
another sugar specificity. 
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Cps2G showed moderate homology to a family of gene products 
suggested to encode galactosyltransf erase activities (22, 24, 
40) . Hence a similar activity can be suggested for Cps2G. 
Cps2H showed some similarity with LgtD of H. influenzae 
5 (U32768). Because LgtD was proposed to have glycosyltransf erase 
activity , a similar activity could be fulfilled by Cps2H. 

Cps2j and Cps2K showed homology to Cpsl4J of S. pneumoniae 
(20) . Cps2J showed homology with Cpsl4I of S, pneumoniae as 
well. Cpsl4I was shown to have N-acetyl glucosaminyltransf erase 
10 activity, whereas Cpsl4J has a 15-1, 4-galactosyltransf erase 

activity (20) . In S, pneumoniae Cpsl4I is responsible for the 
addition 'of the third sugar and Cpsl4 J for the addition of the 
last sugar in the synthesis of the type 14 repeating unit 
(20) , Because the capsule of S. suis type 2 contains galactose 
15 as well as N-acetyl glucosamine components, 
galactosyltransf erase as well as N-acetyl 

glucoaminyltransf erase activities could be envisaged for the 
cps2J and cps2K gene products, respectively. However, this idea 
remains to be established by the functional characterization of 

20 the Cps2J and Cps2K proteins. As was observed for Cpsl4I and 
Cpsl4J, the N-termini of Cps2J and Cps2K showed a significant 
degree of sequence similarity. Within the N-terminal domains of 
Cpsl4I and Cpsl4J, two small regions were identified, which 
were also conserved in several other glycosyltransf erases (22) . 

25 Within these two regions, two Asp residues were proposed to be 
important for catalytic activity. The two conserved regions, 
DXS and DXDD, were also found in Cps2J and Cps2K. 

The function of Cps2l remains unclear, Cps2I showed some 
similarity with a protein of A. actinomycetemcomitans . Although 

30 this protein part is of the gene cluster responsible for the 
serotype-b-specif ic antigens, the function of the protein is 
unknown . 

So far, the functions of the cps2 genes are predicted on the 
basis of sequence homologies. In future experiments we will 
35 concentrate on the functional characterization of the proteins 
encoded by the various cps2 genes. Moreover, the analysis of 
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isogenic mutants in which the individual genes are interrupted, 
without disturbing expression of the downstream genes, will 
give more information about the role of the individual cps2 
genes in the polysaccharide biosynthesis of the S. suis 
5 serotype 2 capsule. 

To study the role of the capsule in resistance to 
phagocytosis and in virulence, we constructed two isogenic 
mutants in which capsule synthesis was disturbed. In lOcpsB, 
the cps2B gene was disturbed by the insertion of an 
10 antibiotic-resistance gene, whereas in lOcpsEF parts of the 
cps2E and cps2F genes were replaced. Both mutant strains 
seemed to be completely unencapsulated . Because the cps 2 
genes seemed to be part of an operon polar effects cannot be 
excluded. Therefore these data did not give any information 
15 about the role of Cps2B, Cps2E or Cps2F in the polysaccharide 
biosynthesis. However, the results clearly show that the 
capsular polysaccharide of S. .suis type 2 is a surface 
component with antiphagocytic activity. In vitro wild type 
encapsulated bacteria are ingested by phagocytes at a very low 
20 frequency, whereas the mutant unencapsulated bacteria are 

efficiently ingested by porcine macrophages. Within 2 hours, 
over 99.6% of mutant bacteria were ingested and over 92% of 
the ingested bacteria were killed. Intracellularly, wild type 
as well as mutant strains seemed to be killed with the same 
25 efficiency. This suggests that the loss of capsular material 
is associated with loss of capacity to resist uptake by 
macrophages. This loss of resistance to in vitro phagocytosis 
was associated with a substantial attenuation of the virulence 
in germfree pigs. All pigs inoculated with the mutant strains 
30 survived the experiment and did not show any specific clinical 
signs of disease. Only some aspecific clinical signs of 
disease could be observed. Moreover, mutant bacteria could be 
reisolated from the pigs. This supports the idea that, as in 
other pathogenic Streptococci, the capsule of S, suis acts as 
35 an important virulence factor. Recently, a role of the capsule 
of S. suis type 2 in the pathogenesis was suggested by 
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Charland et al. (5) as well- Transposon mutants impaired in 
the capsule production showed a reduced virulence in pigs and 
mice- To construct these mutants the type 2 reference strain 
S735 was used. We previously showed that this strain is only 
5 weakly virulent for young pigs (48) . Moreover, the insertion 
site of the transposon is unsolved sofar. 



TABX£ 1. 



Bacterial stxaans and plasmlds 



strain/plasmid relevant characteristics" 



source/reference 



St; rain 

E. coli 
CC118 
XL2 blue 

E. coli 
XL2 blue 

S. suis 

10 

3 

17 

735 

T15 

6555 

6388 

6290 

5637 

5673 
5679 
5928 
5934 
5209 

5218 
5973 
6437 
6207 



PhoA" 



virulent serotype 2 strain 
serotype 2 
serotype 2 

reference strain serotype 2 
serotype 2 

reference strain serotype 1 
serotype 1 
serotype 1 
serotype 1 

serotype 1/2 
serotype 1/2 
serotype 1/2 
serotype 1/2 

reference strains serotype 1/2 

reference strain serotype 9 
serotype 9 
serotype 9 
serotype 9 



reference strains serotypes 1-34 



(28) 

Stratagene 



Stratagene 



(49) 
(63) 
(63) 
(63) 
(63) 
(63) 
(63) 
(63) 
(63) 

(63) 
(63) 
(63) 
(63) 
(63) 

(63) 
(63) 
(63) 
(63) 

(9, 56, 14) 



S. suis 
10 

lOcpsB 
lOcpsEF 

PXasmid 

pKUN19 

pGEM'^Zf ( + ) 

prC19R 

pIC20R 

pIC-spc 

pDL282 

pPHOS2 

pPH07 

pPHOS7 PPHOS2 
pCPS6 

pCPS7 

pCPSll PCPS7 

pCPS17 PKUN19 

pCPS18 PKUN19 

pCPS20 PKUN19 

PCPS23 pGEM7Zf(+) 

pCPS25 PIC20R 

PCPS26 PKUN19 

pCPS27 pCPS25 

pCPS28 PCPS27 

pCPS29 pKUNl9 



virulent serotype 2 strain 
isogenic cpsB mutant of strain 10 
isogenic cpsEF mutant of strain 10 



replication functions pUC, Amp^ 
replication functions pUC, Arap^ 
replication functions pUC, Amp*^ 
replication functions pUC, Aiap^ 

pIC19R containing spc^ gene of pDL2821abcoilection 
replication functions of pBR322 and 

pVT736-l, Amp^, Spc^ 
pIC-spc containing the truncated phoA gene 
of pPH07 as a Pstl-BamHI fragment 
contains truncated phoA gene 
containing chromosomal S. suis DMA 
PKUN19 containing 6 )cb Hindlll 
fragment of cps operon 

pKONl9 containing 3,5 Jcb £coRI-HindIII fragment 
of cps operon 

in which 0.4 Jcb Pstl-SamHI fragment 

of CpsB gene is replaced by Spc^ gene of pIC-spc 

containing 3.1 kb iQ^nl fragment 

of cps operon 

containing 1.8 Jcb SnaBI fragment 
of cps operon 

containing 3,3 Jcb Xbal-Hindlll 
fragment of cps operon 

containing 1.5 kb Wlul fragment 
of cps operon 

containing 2.5 kb iCpnI-Sall fragment 
of pCPS17 

containing 3.0 kb Hindi II fragment 
of cps operon 

containing 2.3 kb Xbal (blunt) -CJal 
fragment of pCPS20 

containing the 1.2 kb Pstl-Xhol Spc^ 

gene of pIC-spc 
containing 2.2 kb Sacl-PstZ fragment 

of cps operon 



(51) 

this work 
this work 



(23) 

Promega Corp. 

(29) 

(29) 



(43) 
this 


work 






(15) 
this 


work 






this 
this 


work 
work 


(Fig. 
(Fig. 


1) 
1) 


this 


work 


(Fig. 


1) 


this 


work 


(Fig. 
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this 


work 


(Fig. 
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this 


work 


(Fig. 
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this 


work 


(Fig. 
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this 


work 


(Fig. 


1) 


this 


work 


(Fig. 


1) 


this 


work 


(Fig. 


1) 


this 


work 


(Fig. 


1) 


this 


work 


(Fig. 


1) 
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10 



pCPSl-l pKUN19 
pCPSl-2 pKUN19 
PCPS9-1 pKUNl9 
PCPS9-2 PKUN19 



containing 5 kb EcoRV fragment 

of cps operon of type 1 
containing 2.2 Jcb Hlndlli fragment 
of cps operon of type 1 
containing 1 kb HlndllX-Xbal 
fragment of cps operon of serotype 9 
containing 4.0 kb XbaX-XbaX 
fragment of cps operon of serotype 9 



this work (Fig.l) 

this work (Fig.l) 

this work (Fig.l) 

this work (Fig.l) 



15 



An^^: ampicillin resistant 
Spc^: spectinomycin resistant 
cps: capsular polysaccharide 
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I£6ENDS TO FIGURES 
Pig.l. 

5 Genetic organization of the Streptococcus cps gene cluster. 

(A) The arrows represent potential Orf s . Gene designations 
are indicated below the arrows. 

(B) Physical map and genetic organization of the cps2 locus. 
Restriction sites are as follows: C: Clal; EcoRl; R, 

10 ifindlll; K, Kpnl; M, Mlul; PstI; SnaBI; Sa: Sad; X, 

XJbal. 

(C) The DNA fragments cloned in the various plasmids are 
indicated. 

15 Fig, 2. 

Alignments of the N-terminal parts of Cps2 J and Cps2K. 
Identical amino acids are marked by bars. The amino acids 
shown in bold are also conserved in Cpsl4I, Cpsl4J of S. 
pneumoniae and several other glycosyltransf erases (19) . The 
20 aspartate residues marked by asterics are strongly conserved- 
Fig . 3 . 

Transmission electron micrographs of thin sections of various 
S. suis strains. 
25 (A) wild type strain 10; 

(B) mutant strain lOcpsB; 

(C) mutant strain lOcpsEF. 
Bar = 100 nm 

3 0 Fig . 4 . 

(A) Kinetics of phagocytosis of wild type and mutant S. suls 
strains by porcine alveolair macrophages- Phagocytosis was 
determined as described in Materials and Methods. The Y-axis 
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represents the number of CFU per milliliter in the 
supernatant fluids as determined by plate counting, the X- 
axis represents time in minutes. 

□ wild type strain 10; 
5 o mutant strain lOcpsB; 

A mutant strain lOcpsEF. 

(B) Kinetics of intracellular killing of wild type and mutant 
S, suis strains by porcine AM. The intracellular killing was 
10 determined as described in Material and Methods. The Y-axis 

represents the number of CFU per ml in the supernatant fluids 
after lysis of the macrophages as determined by plate 
counting, the X-axis represents time in minutes. 

□ wild type strain 10; 
15 o mutant strain lOcpsB; 

A mutant strain lOcpsEF. 

Fig. 5 

CPS2 nucleotide sequence. 

20 

Fig. 6 

Amino acid sequences ORFZ,ORFY, ORFX, CPS2A, CPS2B, CPS2C, 
CPS2D, CPS2E, CPS2F, CPS2G, CPS2H, CPS2I, CPS2J and CPS2K. 
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1. A vaccine comprising a Streptococcus mutant deficient in 
capsular expression • 

2, A vaccine according to claim 1 wherein said Streptococcus 
mutant has been derived by recombinant techniques, preferably 

5 through homologous recombination. 

3- A vaccine according to claim 1 or 2 wherein said 
Streptococcus mutant is derived from a Streptococcus group A, 
Streptococcus group B, Streptococcus suis or Streptococcus 
pneumonia . 

10 4. A vaccine according to claim 1 to 3 wherein said mutant is 
capable of surviving in an immune-competent host. 
5. A vaccine according to claim 4 wherein said mutant is 
capable of surviving at least 4-5 days, preferably at least 
8-10 days, in said host. 

15 6. A vaccine according to any of claims 1 to 5 comprising a 

mutant capable of expressing a Streptococcus virulence factor 
or antigenic determinant. 

7 . A vaccine according to any of claims 1 to 5 comprising a 
mutant capable of expressing a non-Streptococcus protein. 
20 8, A vaccine according to claim 7 wherein said non- 
Streptococcus protein has been derived from a pathogen. 

9. A method for controlling or eradicating a Streptococcal 
disease in a population comprising vaccinating subjects in 
said population with a vaccine according to anyone of claims 

25 1 to 8- 

10. A method for controlling or eradicating a Streptococcal 
disease comprising testing a sample collected from at least 
one subject in a population partly or wholly vaccinated with 
a vaccine according to anyone of claims 1 to 8 for the 

30 presence of encapsulated Streptococcal strains. 

11. A method for controlling or eradicating a Streptococcal 
disease comprising testing a sample collected from at least 
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one subject in a population partly or wholly vaccinated with 
a vaccine acc.ording to anyone of claims 1 to 8 for the 
presence of capsule-specific antibodies directed against 
Streptococcal strains. 
5 12. A method for controlling or eradicating a Streptococcal 
disease in a population comprising vaccinating subjects in 
said population with a vaccine according to anyone of claims 
1 to 8 and testing a sample collected from at least one 
subject in said population for the presence of encapsulated 
10 Streptococcal strains and/or for the presence of capsule- 
specific antibodies directed against Streptococcal strains. 
13. A method according to any of claims 10 to 12 wherein said 
Streptococcal disease is caused by Streptococcus suis. 
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ABSTRACT 9 9 n^r - 

^2 07, 7998 

The invention relates to the field of bacterial 
vaccines, more in particular to vaccines directed against 
Streptococcus infections. The invention provides use of a 
Streptococcus mutant deficient in capsular expression in a 
vaccine and a Streptococcus vaccine strain that has been 
derived from a Streptococcus mutant deficient in capsular 
expression, preferably wherein said Streptococcus mutant is 
seleoted from the group composed of Streptococcus group A, 
Streptococcus group B, Streptococcus suls and Streptococcus 
pneumonia. The invention further provides a method for 
controlling or eradicating a Streptococcal disease in a 
population comprising vaccinating subjects in said population 
with a vaccine according to the invention and testing a 
sample collected from at least one subject in said population 
for the presence of encapsulated Streptococcal strains and/or 
for the presence of capsule-specific antibodies directed 
against Streptococcal strains. 
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Cps2J MEKVSIIVPI FNTEKYLREC LDSIISQSYT NLEILLIDDG SSDSSTDICL EYAEQDGRIK 60 

I IIMII I i il I MM MM M III Ml M I II 

Cps2K MINISTIVPI YNVEQYLSKC INSIVNQTYK HIEILLVNDG STDNSEEICL AYAKKDSRIR 60 



Cps2a L.FRLPNGGVS NARNYGIKNS TANYIMFVDS DDIVDGNIVE SLYTCLKEND SDL.SGGLLAT 120 
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Cps2K YFKKENGGLS DARISTYGISRA KGDYLAFIDS DDFIHSEFIQ RL_HEAIERE NAL_VAVAG 117 
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AAGCTTGGAT 
AGTCCGCAGG 
. ACATTATCGT 
GTATATCGAA 
GATAGTTTGT 
TAGATTTTCC 
GGAACACAGT 
TTGGTAGGCA 
TTGGTGAGGC 
AGCAGCCTTT 
GGTCGAATTG 
GTTTTCCAAC 
TCTATGCAGT 
TAATAATTTT 
CCTCTTCTTC 
GAATTGCTCC 
ATCTGTAAGA 
AAAGAATCCC 
TGGAATTCGA 
TAAATGTGAT 
CGTTATCAAT 
TTTGATGAAG ' 
GCACCGATTC 
CAAGATAGTG 
TGCTAAATAG 
GCTATATCAT 
GAATTGTGTA 
TAAATTCCGT 
CGAATGAGCT 
CCATTTGTGT 
TGTGATAACC 
AATTCTGCCA 
GGTAATTTTC 
TCTGTAGGAT 
CTATCCTCTA 
TAGCCTTTTG 
GCGGAGTTGA 
TCTTGGATGA 
TTTTTATAGA 
TGAGGTTCAG 
GATGAAAATA 
TCTGATCGAA 
TTGATGTAAA 
GTATCGAATC 
TGGCAGTTAT 
ATTTACGTGA 
ATTGATTCAT 
CAGTCTTTGA 
AAGTTGGTGA 
TCAGAAAAGA 
GCAGGTCAGC 
AGAACAATAT 
GGTGGATGGC 
ATGTGAAATT 
AAGGGTAGAA 
ATGAAAAAGA 
AATTGGTAAA 
CTATAACATC 
ACGCTTTTGC 
CAGCGCTCTT 
TGGGATCTAT 



ATTGATCACA 
CTTATCAGGC 
TGTGACGATT 
GAGCATCCGA 
CAGCCAGTGG 
ACAAGTAGTA 
AAGCTCCTCT 
CTGTCGTTGG 
AAGTGCTGAA 
GAAGAAATGA 
TTATGGCCCA 
GGCTGTTATT 
TTTTATGCTG 
GGGCTGTAAT 
TAAGTTCGAG 
AGTTTATCTG 
AATCAGCTTT 
CTTGCTTAGC 
TACGGGATGT 
GAAGATGCTG 
GTAGAGCGAG 
'ATATCACGTA 
GGAGGGCAGG 
TAAAGGTAGG 
TCATCCTCAA 
AGGTTGAACC 
GAAAAACTTA 
TCAATTGTTT 
CTATCATTCG 
GAGAATATAT 
AGCTGGTCTT 
ATCCCTCTTG 
CCGCCCAATA 
TGAGCTCTAC 
AGATATAATA 
GACAGTGTCT 
CGGATAGAAG 
TAACTTGATA 
CTATGTTACT 
GAATTAAGCT 
ATTATACCTA 
GCAAGCCGGT 
AAAGATGGCT 
AGGACAGGTC 
ATGATGGTCT 
CCACGTTCGT 
CCTTTTGAAT 
AACAGTACTG 
TGATGAACTG 
TTAGTTAAAA 
TAAAAGTTCA 
TCAGGAATTA 
TTTGAATATT 
ATGAAAAAGA 
AAATATTAAT 
GAAGCGGACG 
TTTTGCGCTT 
CTAGATTTCC 
TAGTAGGAGT 
ACTTGTTTTT 
GGAATGCAAG 



TGATGGAGGT 
AGCTTTTGAG 
ACAGGTGGGC 
ATGTCAATAT 
GGAAATGGAT 
GAAGCGATAA 
TTGTTTTAGC 
TCTTCTCAAT 
GGAAAATTAG 
AAAAAGCAGG 
CCGCAACAAT 
GACGAAGTTG 
AAGAAGGTGG 
TTCCGCTATA 
GGGGATTGTT 
CAAAATCTTG 
CTGTCCGCTG 
TGAAAGGTCA 
TTAAAGCGTA 
TGTGTTCCGC 
AGAGCTTTTT 
GCTGATTAGG 
AAAGAGTGTC 
CTATGACTAG 
TGATGTAGAC 
GAGAGGGTTG 
ATTTTTCCAG 
GATAGGGGAT 
TGAATAGGTA 
AGAGCTTGTT 
TTTTTGTATA 
CTGGTGATAG 
AGACTTTCTT 
AGGTATGGTC 
ACCGCTTTTT 
TTGCTACAAT 
GTAATTTCTC 
TTTTTTCATC 
AGCTAGTATA 
ACTCTATGGT 
ATGCAAAAGA 
GCTGGATGCC 
GCCTTTTATA 
AAGCAAAAAC 
CATGTATCGT 
GTAGCGACAG 
TCATTTCACC 
GCGACCGTAT 
ATTCTCTCAC 
TTCTTTTCAT 
CTCGACTATA 
TCGGACATTC 
GTACTTCCGA 
TAACGTTTTC 
TTCTATGATA 
AAGTAAGTCG 
TTGGGACTTT 
GGTATTTAAA 
GGCAGTATTG 
TCACTGGTCA 
AAGTTGTAAA 



GATGGAAGCA TCTAAGTCTG CAGCGGGGTC GGCGTGCCCA 
GGAGCTGAGA 

TATCGGGTAG TTTTAATGCG GCACGTGTAG CTAGGGATAT 
CCATTTGATA 

TTACTTGTAC ACCAAATCAA TCGCTTAATT AGTGCAGGAT 
CTCACTATCG 

GAAAGTTGAT AATCTTGTTA AGAATGGAAG ACTGAGCAT^^ 
ATCCGTATGG 

AGTTGCTTCA AAAGGCGCGT GGTCATAAGA AATCTGTGAC 
CTATGATGGT 

GCTAAGTTCT TCCAACAATT CTCAGAGTTG GTAAAAGCAA 
CAACATCAGG 

ACTTTTGATG GGCTACGAAG TGAAAGCGTG ATTCACAGAG 
GAATAATCCC 

TGTATGAGAC TATTGGATTT CATTCATTCA AATATCTTAC 
TTCAAAGAAG 

AAATAATAAC ATTTTCCAAA CATGTGTTGG ATGCTAGGAG 
CGCTCCCCTT 

TTTCTCTAGA CAGTCTTTTA TTTTATTCCA TTGAGCGTGA 
GCAAACATAC 

GCATGATAAG ATTGGTATCG TAGTCGATTA GACTCTTATG 
AAGGCTGATT 

GGTGTAAAAG ATTTTATATA GATGACGCGA TTATCTGTAT 
AGTCGAAATC 

ATCGTATTGC TTTGCTAATT TTACGATGGC TGTTTTTGTT 
TGCAAGCGAG 

TTTGGAAGAT ACTTTCCAAT TCTTCTAGGT CAATTCCATC 
TCCTTGATGT 

GGGTTCTCTA TCAAGATTTC CGTTTTTCCA GCCAAGGTTT 
GACTACCAGC 

GACATGATAG TCCATTAACA GACTTTGAAC GGAGGAAATC 
TAGTTGAATA 

TTAGACAAAT CCGAAAATCT TCATAGGTAA TTCTTGAAAG 
TTGGAAATCT 

TCGACAGCGT AGATCTTATT TTGGTATTTT AATTCCAACA 
GATATTGCTC 

TCCACGTTTG AATCGATGTT CCTCTATTCC AGTCAAAATA 
TAGGTCCCCT 

TAGAAAAAAT TGAAGAAAGA CAATATATGA ATAATGGGGT 
ATAATTAAGT 

AGTAAATACA AATCTAGAGA ATGCCTCGTT TTATCTCCTG 
ATAAGTCAAT 

AATTGAATGA AGCAAAGGCT GAGTTAGAAG CTGACCGTTG 
CTATCCAGCC 

TATATGGATA GGCGAGGTAT AGATTCGAAA GAAGAAAATT 
CCTTATACGG 

TCACCGCTTA GATTTTCAAG GGAGCTTAAA GATAGGCAAT 
TATGACCAAG 

TGGCTTCGTC AGAATTTGAG CAGGTGTTTT CTCCNCAGAT 
GGAAGAAAAA 

TCAAAAAAAG GCAGAGGAAG ATTGCTGTCC TGGTTGGCTA 
AAGATTTTAA 

ATCAACGGCA' AAeCAACTTA CCTTCbJTACG ATCAATAAAA 
CAGCGCTAAA 

TAATGGATGC GTTATAGGTA AAAGTCTAGG AAGGTTGTTT 
TCCAAGTTCA 

ATTCCATTAC TCTATGTTTG TTCTTAGTGA CCATGTATCG 
CTATATTGTG 

GCTGGATTAT TGATGTGGCG TAAGAAAGCG CGCATATTTA 
TCACGTCTGT 

ATTTTCAACA CGACTAAATT CAAATTCGAC ATTTTCAGAA 
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TATGAAATGA GTATCCTTGT CCCAGCAAAT AGTGATATTA 

CGGACGTTCG TCAGCTTACT AGTATCCTTG CTCCAGCCGA ATACGACCAA GATAACATCA CCGCTTTATT 
GGATGACATA TCCAAAATGG AATCTACTCA ACTAGCAACT 

AGCCCCGGGA CTTCTTACCT GACAGCATAT CAATCTATGT TGAATGGCGA GAGTCAAGCG ATGGTGTTCA 
ACGGAGTTTT TACCAATATT TTAGAAAATG AAGATCCAGG 

CTTTTCTTCA AAAGTGAAAA AAATATATAG TTTCAAAGTG ACTCAGACTG TTGAAACAGC TACTAAGCAG 
GTGAGTGGAG ATAGCTTTAA TATCTATATT AGTGGTATTG 

ATGCTTATGG ACCGATTTCT ACGGTCTCTC GTTCAGATGT CAATATCATT ATGACTGTCA ATCGTGCGAC 
ACATAAGATT TTATTGACAA CTACTCCACG AGATTCATAG 

GTTGCTTTCG CAGATGGCGG GCAAAATCAA TACGAT7VAAC TAACACATGC TGGTATTTAC GGTGTCAATG 
CTTCTGTGCA CACCTTAGAA AATTTTTATG GGATTGACAT 

TAGCAATTAT GTGCGGTTGA ACTTCATTTC CTTCCTTCAA TTAATCGACT TGGTGGGTGG AATTGATGTA 
TATAACGATC AAGAATTTAC AAGTTTACAT GGGAATTATC 

ATTTCCCTGT TGGACAAGTT CATTTAAACT CAGACCAAGC ATTAGGCTTC GTTCGAGAGC GCTACTCTTT 
AACAGGGGGT GACAATGACC GTGGTAAAAA CCAGGAAAAA 

GTGATTGCTG CCTTGATTAA AAAGATGAGT ACGCCAGAGA ATCTAAAAAA TTACCAGGCA ATCCTATCTG 
GATTGGAAGG CTCAATTCAA ACGGATTTGA GCTTAGAAAC 

GATTATGAGT TTAGTGAATA CCCAACTAGA ATCAGGAACA CAATTTACAG TAGAGTCACA AGCATTGACA 
GGAACAGGAC GCTCAGACTT ATCTTCTTAT GCGATGCCTG 

GATCACAACT TTATATGATG GAAATTAACC AAGATAGTCT GGAGCAATCA AAGGCAGCGA TTCAGTCCGT 
ACTTGTTGAA AAATAAAGAT TTTAGGAGAA AATATGAACA 

ATCAAGAAGT .AAATGCAATC GAAATCGATG TTTTATTCTT ACTAAAAACA ATTTGGAGAA AGAAATTTTT 
AATTCTCTTA ACTGCAGTGT TGACTGCGGG GTTGGCATTT 

GTCTACAGTA GTTTTTTAGT GACACCTCAA TATGACTCCA CTACCCGTAT CTATGTAGTG AGTCAAAATG 
TTGAAGCCGG TGCGGGCTTG ACTAACCAAG AGTTACAAGC 

GGGTACCTAT TTGGCAAAAG ACTATCGGGA AATTATCCTA TCACAAGATG TNTTGACACA AGTAGCAACG 
GAATTGAATC TGAAAGAGAG TTTGAAAGAA AAAATATCAG 

TTTCTATTCC TGTTGATACT CGTATCGTTT CTATTTCTGT GCGTGATGCG GATCCAAATG AAGCGGCACG 
TATTGCAAAT AGCCTTCGCA CCTTTGCAGT GCAAAAGGTT 

GTTGAGGTCA CCAAGGTAAG CGATGTGACG ACACTTGAAG AAGCAGTCCC AGCGGAAGAA CCAACCACTC 
CAAATACAAA ACGAAATATC TTGCTTGGTT TATTAGCTGG 

AGGTATCTTG GCAACAGGTC TTGTACTGGT TATGGAGGTT TTGGATGACC GTGTAAAACG TCCTCAGGAC 
ATCGAAGAGG TAATGGGATT GACATTGCTA GGTATAGTAC 
9 CAGATTCGAA GAAATTAAAA TAGGAGAACA ATATGGCGAT GTTAGAAATT GCACGTACAA AAAGAGAGGG 

AGTAAATAAA ACCGAGGAGT ATTTCAATGC TATCCGTACC 

AATATTCAGC TTAGCGGAGC AGATATTAAG GTTGTTGGTA TTACCTCTGT TAAATCGAAT GAAGGTAAGA 
GTACAACTGC GGCTAGTCTC GCTATTGCCT ATGCTCGTTC 

AGGTTATAAG ACCGTCTTGG TGGATGCAGA TATCCGAAAT TCAGTCATGC CTGGTTTCTT CAAGCCAATT 
ACAAAGATTA CAGGTTTGAC GGATTACCTA GCAGGGACAA 

CAGACTTGTC TCAAGGATTA TGCGATACAG ATATTCCAAA CTTGACCGTA ATTGAGTCAG GAAAGGTTTC 
TCCCAACCCT ACTGCCCTTT TACAAAGTAA GAATTTTGAA 

AATCTACTTG CGACTCTTCG TCGCTATTAT GATTATGTTA TCGTTGACTG TCCACCATTA GGACTGGTAA 
TTGATGCAGC TATCATTGCA CAAAAATGTG ATGCGATGGT 

TGCAGTAGTA GAAGCAGGCA ATGTTAAGTG CTCATCTTTG AAAAAAGTAA AAGAGCAGTT GGAACAAACA 
GGCACACCGT TCTTAGGCGT TATCTTGTVAC AAATATGATA 

TTGCCACTGA GAAGTATAGT GAATACGGAA ATTACGGCAA AAAAGCCTAA TTTCTCAGAT AACATAAGTT 
TGATAAGTAG GTATTAATAT GATTGATATC CATTCGCATA 

TCATATTTGG TGTGGATGAC GGTCCCAAAA CTATTGAAGA GAGCCTGAGT TTGATAAGCG AAGCTTATCG 
TCAAGGTGTT CGCTATATCG TAGCGACATC TCATAGACGA 

AAAGGGATGT TTGAAACAGC AGAAAAAATC ATCATGATTA ACTTTCTTCA ACTTAAAGAG GCAGTAGCAG 
AAGTTTATCC TGAAATACGA TTGTGCTATG GTGCTGAATT 

GTATTATAGT AAAGATATCT TAAGCAAACT TGAAAAAAAG AAAGTACCAA CACTTAATGG CTCGTGCTAT 
ATTCTCTTGG AGTTCAGTAC GGATACTCCT TGGAAAGAGA 

TTCAAGAAGC AGTGAACGAA ATGACGCTAC TTGGGCTAAC TCCCGTACTT GCCCATATAG AGCGTTATGA 
TGCTCTGGCA TTTCAGTCAG AGAGAGTAGA AAAGCTAATT 

GACAAGGGAT GCTACACTCA GGTAAATAGT AACCATGTGT TGAAGCCTGC TTTAATTGGC GAACGAGCAA 
AAGAATTTAA AAAACGTACT CGATATTTTT TAGAGCAGGA 

TTTAGTACAT TGTGTTGCTA GCGATATGCA TAATTTATAT AGTAGACCTC CGTTTATGAG GGAGGCGTAT 
CAGCTTGTAA AAAAAGAGTA TGGTGAGGAT AGAGCGAAGG 

CTTTGTTCAA GAAAAATCCT TTGTTGATAT TGAAAAATCA AGTACAGTAA CCTCATAGAA ATAGTGGAGG 
AGCTATGAAT ATTGAAATAG GATATCGCCA AACGAAATTG 
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GCATTGTTTG ATATGATAGC AGTTACGATT TCTGCAATCT TAACAAGTCA TATACCAAAT GCTCATTTaj. 
ATCGTTCTGG AATTTTTATC ATAATGATGG TTCATTATTT i^iACCAAAT GCTGATTTAA 

TGCATTTTTT ATATCTCGTA TGCCGGTTGA ATTTGAGTAT AGAGGTAATC TGATAGAGTT TrAaaaaar-i. 
TTTAACTATA GTATAATATT TGTAATTTTT CTTATGGCAG ^^"^^^ lUAlAGAGTT TGAAAAAACA 

TTTCATTTAT GTTAGAGAAT AATTTCGCAC TTTCAAGACG TGGTGCCGTG TATTTCACAT TAATAAAPTt 
CGTTTTGGTA TACCTATTTA ACGTAATTAT TAAGCAGTTT -lAl ITCACAT TAATAAACTT 

AAGGATAGCT TTCTATTTTC GACAACCTAT CAAAAAAAGA CGATTCTAAT TACAACGGCT GAAPTATrnr 
AAAATATGCA AGTTTTATTT GAATCAGATA TACTATTTCA lACAACGGCT GAACTATGGG 

AAAAAATCTT GTTGCATTGG TAATTTTAGG TACAGAAATA GATAAAATTA ATTTACCATT ACCGCTPTAT 
TATTCTGTTG AAGAAGCTAT AGGGTTTTCA ACAAGGGAAG 1 XACCATT ACCGCTCTAT 

TGGTCGACTA CGTCTTTATA AATTTACCAA GTGAATATTT TGACTTAAAG CAATTAGTTT CAGACTTTCA 
GTTGTTAGGT ATTGATGTAG GCGTTGATAT TAATTCATTC ^^iXAi^iii CAGACTTTGA 

^^IZll^SI': TGTTGAAGAA TAAAAAAATC CAAATGCTAG GTGACCATAG CATCGTCACT TTTTCCACAA 
ATTTTTATAA GCCTAGTCAC ATCTGGATGA AACGACTTTT J-'-^^-i 1 1 1 ICCACAA 

AGATATACTT GGAGCAGTAG TCGGGTTAAT TATTAGTGGT ATAGTTTCTA TTTTGTTAAT TCCAATTATT 

CGTAGAGATG GTGGGCCAGC CATTTTTGCT CAGAAACGAG ^^^^i ICCAATTATT 

TTGGACAGAA TGGACGCATA TTTACATTCT ACAAGTTTCG TTCGATGTTT GTTGATGCCG AGGTACGTAA 

GAAAGAATTA ATGGCTCAAA ACCAGATGCA AGGTGGGATG i^Ait^uct. AGGTACGTAA 

TTCAAAATGG ACAACGATCC TAGAATTACT CCAATTGGAC ACTTCATACG AAAAACAAGT TTAGATGAGT 

TACCACAATT TTATAATGTT CTAATTGGAG ATATGAGTCT 1 1 iAGATGAGT 

AGTCGGTACC CGTCCGCCTA CAGTTGATGA ATTTGAAAAA TATACTCCTA GTCAAAAGAG AAGATTGAGT 

TTTAAACCAG 'GGATTACAGG TCTTTGGCAA GTGAGCGGAA AAGATTGAGT 

^S^?^^^^^'^ CACAGATTTT AATGAAGTCG TTAGGCTGGA CCTAACATAC ATTGATAATT GGACCATCTG 
GTCAGACATT AAGATTTTAT TGAAGACAGT GAAAGTTGTA J-^aihai i (^t-ACCATCTG 

TTGTTGAGAG AGGGAGGTCA GTAAGACTCC TTTAAAACAA AGAATAGTAG TAGGGGATAT GAGAACAGTT 
TATATTATTG GTTCAAAAGG AATACCAGCA AAGTATGGTG ^^t^i^^i t:.AGAACAGTT 

^IJ.l'^^^^^n TTTCGTAGAA AAATTAACTG AGTATCAGAA AGATAAATCA ATTAATTATT TTGTTGCATG 

TACAAGAGAA AATTCAGCAA AATCAGATAT TACAGGAGAA iH^iH:,CATG 

GTTTTTGAAC ATAATGGAGC AACATGTTTT AATATTGATG TGCCAAATAT TGGTTCAGCA AAAGCCATTP 

TTTATGATAT TATGGCTCTC AAGAAATCTA TTGAAATTGC AAAGCCATTC 

S^.^^^^-^ AATGATACCT CTCCAATTTT CTACATTCTT GCTTGTCGGA TTGGTCCTTT CATTTATCTT 
TTTAAGAAGC AGATTGAATC AATTGGAGGT CAACTTTTCG '-'-i^^iil CATTTATCTT 

Z^^'XS.^^^ CGGTCATGAA TGGCTACGTG AAAAGTGGAG TTATCCCGTC CGACAGTATT GGAAATTTTC 
TGAGAGTTTG ATGTTAAAAT ACGCTGATTT ACTAATTTGT ^^i^^iJ^ii l^GAAATTTTC 

GATAGCAAAA ATATTGAAAA ATATATTCAT GAAGATTATC GAAAATATGC TCCTGAAACA TCTTATATTP 
CTTATGGAAC AGACTTAGAT AAATCACGCC TTTCTCCGAC cv.ii,/wiL.A iCTTATATTG 

^^^^^^■^^■^^ GTACGTGAGT GGTATAAGGA GAAGGAAATT TCAGAAAATG ATTACTATTT GGTTGTTGCA 
CGATTTGTGC CTGAAAATAA CTATGAAGTA ATGATTCGAG ^'-^^inixi t^GlTGTTGGA 

AGTTTATGAA ATCATATTCA AGAAAAGATT TTGTTTTGAT AACGAATGIA GAGCATAATT CCTTTTATCA 
GAAATTGAAA AAAGAAACAG GGTTCGATAA AGATAAGCGT ^^^^^i/Viii CCITTTATGA 

ATAAAGTTTG TTGGAACAGT CTATAATCAG GAGCTGTTAA AATATATTCG TGAAAATGCA TTTGCTTATT 
TTCATGGTCA CGAGGTTGGA GGAACGAACC CATCTTTACT ^-^^^AAi i^OA ITTGCTTATT 

TGAAGCACTT TCTTCTACTA AACTAAATCT TCTTCTAGAT GTGGGCTTTA ATAGAGAAGT ACrrrAAPfla 

GGAGCGAAAT ACTGGAATAA AGATAATCTT CACAGAGTTA AlAt^AGAAGT AGGGGAAGAA 

TTGACAGTTG TGAGCAATTA TCACAAGAAC AAATTAATGA TATGGATAGT TTATCAACAA AACAAGTCAA 

AGAAAGATTT TCTTGGGATT TTATTGTTGA TGAGTATGAG i J./iit.AAUAA AACAAGTCAA 

AAGTTGTTTA AAGGATAAGT TATGAAAAAG ATTCTATATC TCCATGCTGG AGCAGAATTA TATCrrrPAr 
ATAAGGTTCT CTTGGAACTT ATAAAAGGCT TAGATAAGAA a^^acaattA TATGGGGCAG 

TGAATTTGAA GCGCATGTTA TCCTACCTAA TGATGGAGTC CTAGTGCCAG CATTAAGAGA ACTTrr-rrnr 
CAAGTTGAAG TTATTAACTA TCCAATTCTA CGTAGGAAAT ^AITAAGAGA AGTTGGTGCG 

ATTTTAATCC AAAAGGGATT TTTGACTACT TCATATCATA TCATCACTAT TCTAAACAGA TTCrTPAATa 
TGCCATAGAA AATAAGGTTG ACATAATTCA CAATAATACT it^IAAACAGA TTGCTCAATA 

ACCGCTGTCT TAGAAGGCAT TTATCTGAAG..CGAAAACT,CA AATTACCTTT GTTGTGGCAT GTTPATPAPn 
TTATTGTCAA ACCTAAATTC ATCTCTGATT CGATCAATTT ^^^-L^-^ Gi IGTGGCAT GTTCATGAGA 

^^^^^^So^ CGTTTTGCTG ATAAGATTGT GACAGTTTCA CAGGCTGTGG CAAACCATAT AAAACAATCA 
CCTCATATCA AAGATGACCA AATCAGTGTA ATCTACAATG """--'-ft.iAi AAAACAATCA 

GGGTAGATAA TAAAGTGTTT TATCAGTCCG ATGCTCGGTC TGTTCGAGAA AGATTTGACA TTGACGAAPA 
GGCTCTTGTC ATTGGTATGG TCGGTCGAGT CAATGCGTGG "^-f^i i n.At,A iTGACGAAGA 

AAAGGACAAG GAGATTTTTT AGAAGCAGTT GCTCCTATAC TCGAACAGAA TCCAAAAGCT ATCGCCTTTA 
TAGCAGGAAG TGCTTTTGAA GGAGAAGAGT GGCGAGTAGT ^^aaaai^CI ArCGCCTTTA 

AGAATTAGAA AAGAAGATTT CTCAATTAAA GGTCTCTTCT CAAGTCAGAC GAATGGATTA TTATGCAAAT 
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ACCACTGAAT TATATAATAT GTTTGATATT TTTGTACTTC 

CAAGTACTAA TCCAGACCCT CTACCAACGG TTGTACTAAA AGCAATGGCA TGCGGTAAAC CTGTTGTCGG 
TTACCGACAT GGTGGTGTTT GTGAGATGGT GAAAGAAGGT 

GTTAACGGTT TCTTAGTCAC TCCGAACTCA CCGTTAAATT- TATCAAAAGT AATTCTTCAG TTATCGGAAA 
ATATAAATCT CAGAAAA7VAA ATTGGTAATA ATTCTATAGA 

ACGTCAAAAA GAACATTTTT CGTTAAAAAG CTATGTAAAA AATTTTTCGA AAGTCTACAC CTCCCTCAAA 
GTATACTGAT TGGCTGAAGT GAATGCTTTA GTATAGCGAT 

TTATCGTATT CTCATTCGAT AAAACAAATG TTCAGAAACA GTTATAAGTT ATTTCTAAAG GGCACCTCTA 
TAAACTCCCA AAATTGCGAA TTTGGAGTTA CGAAAGCCTT 

GTTAAATCAA CATTTTAAAT TTTAGAAAAT TAGTTTTTAG AGCTCCCCTA AAATAGAAGA TAACAGAAGG 
GAGCCTTCAA AAACTTCATT TTTAATTGGA TTGTAGAAAA 

ACTGTTAAAT CAATATTTAG ATTTTTAGGA GTTCAGTTTT TGGGGGGAGA GCTTAATAAT CTATGCACTA 
TATTTCGAAA AATATATGGT GTAAAATCAG AACTGATGGT 

CGTGGCAAAA AAGAGAATGA GGAATTTATG AAAATTATTT CTTTTACAAT GGTTAATAAC GAAAGTGAGA 
TAATAGAGTC ATTTATACGG TATAATTATA ACTTTATTGA 

CGAGATGGTC ATTATTGATA ATGGTTGTAC AGATAACACG ATGCAAATTA TTTTTAATTT GATTAAJIGAG 
GGATATAAAA TATCCGTATA TGATGAGTCT TTAGAGGCAT 

ATAATCAGTA TCGACTTGAT AATAAATATC TAACGAAAAT AATTGCTGAA AAAAATCCAG ATTTGATAAT 
ACCTTTGGAT GCGGATGAAT TTTTAACAGC CGATTCAAAT 

CCACGGAAAC TTTTGGAACA ACTGGACTTA GAAAAGATAC ATTATGTGAA TTGGCAATGG TTTGTTATGA 
CTAAAAAAGA TGATATTAAT GATTCGTTTA TACCACGTAG 

AATGCAATAT 'TGTTTTGAAA AACCTGTTTG GCATCATTCT GATGGTAAAC CAGTTACTAA ATGTATAATT 
TCCGCTAAGT ATTACAAAAA AATGAATTTA AAGCTATCGA 

TGGGACATCA CACTGTTTTT GGTAACCCAA ATGTAAGGAT AGAACATCAT AATGATTTGA AATTTGCACA 
TTATCGAGCT ATTAGCCAAG AGCAATTAAT TTATAAAACA 

ATTTGTTACA CTATTCGCGA TATTGCTACT ATGGAGAACA ATATCGAAAC AGCTCAAAGA ACAAATCAGA 
TGGCGCTCAT TGAATCTGGC GTGGATATGT GGGAAACGGC 

GAGAGAAGCC TCTTATTCAG GTTATGATTG TAATGTTATA CATGCACCAA TTGATTTAAG TTTTTGTAAA 
GAAAATATTG TAATAAAATA TAACGAACTA TCCAGAGAAA 

CAGTAGCAGA ACGCGTGATG AAAACGGGAA GAGAAATGGC TGTTCGTGCA TATAATGTGG AGCGAAAACA 
AAAAGAAAAG AAATTTCTAA AACCTATTAT ATTTGTATTA 

GATGGGTTAA AAGGAGATGA GTATATTCAT CCCAATCCAT CAAATCATTT GACGATCTTA ACTGAAATGT 
ATAACGTCAG AGGCTTACTT ACCGATAATC ACCAAATTAA 

ATTTCTCAAA GTTAATTATA GATTAATTAT AACTCCAGAT TTTGCTAAGT TTTTACCGCA TGAATTTATT 
GTTGTACCAG ATACCTNGGA TATAGAGCAA GTTAAAAGCC 

AGTATGTTGG TACAGGTGTA GACTTGTCAA AGATTATTTC TTTAAAAGAG TATCGAAAAG AGATAGGCTT 
TATTGGTAAT TTGTATGCGC TTTTAGGATT TGTTCCGAAT 

ATGCTCAATA GAATTTATCT ATATATTCAG AGAAACGGTA TTGCAAACAC TATTATAAAA ATCAAGTCGA 
GATTGTGAGA GTTGTTTACT TTTATTTGTA ATTTTAAAAG 

TAATGCAGGC AGATAGGAGA AAAACGTTTG GAAAAATGAG AATAAGAATT AATAATTTGT TTTTTGTTGC 
CATAGCGTTT ATGGGCATAA TTATTAGTAA TTCGCAAGTT 

GTTCTAGCGA TAGGCAAAGC TTCTGTGATT CAGTATCTAT CTTATTTAGT TTTGATTTTA TGTATAGTTA 
ATGATTTATT AAAAAATAAC AAACATATTG TAGTTTATAA 

ATTAGGGTAT TTGTTTCTTA TTATATTTTT ATTTACTATC GGAATATGTC AGCAAATTCT TCCTATAACA 
ACTAAAATAT ATTTATCAAT TTCAATGATG ATTATTTCAG 

TTTTAGCAAC GTTGCCAATA AGTTTGATAA AAGATATTGA TGATTTTAGA CGGATTTCAA ATCATTTGTT 
ATTCGCTCTT TTTATAACTT CGATATTAGG AATAAAGATG 

GGGGCAACGA TGTTCACGGG GGCAGTAGAA GGTATCGGTT TTAGTCAGGG TTTTAATGGA GGATTGACGC 
ATAAGAACTT TTTTGGAATA ACTATTTTAA TGGGGTTCGT 

ATTAACTTAC TTGGCGTATA AGTATGGTTC CTATAAAAGA ACGGATCGTT TTATTTTAGG ATTAGAATTG 
TTTTTGATTC TTATTTCAAA CACACGCTCA GTTTATTTAA 

TACTATTGCT TTTTCTATTT CTTGTTAATC TTGACAAAAT CAAAATAGAA CAAAGACAAT GGAGTACGCT 
TAAATATATT TCCATGCTAT TTTGTGCTAT TTTTTTATAC 

TATTTCTTTG GTTTTTTAAT AACACATAGT GATTCTTACG CTCATCGCGT TAATGGTCTT ATTAATTTTT 
TTGAGTATTA TAGAAATGAT TGGTTCCATC TAATGTTTGG 

TGCAGCGGAT TTGGCATATG GGGATTTAAC TTTAGACTAT GCTATAAGGG TTAGACGCGT TTTAGGTTGG 
AATGGAACGC TTGAAATGCC CTTACTGAGT ATTATGTTAA 

AAAATGGTTT TATCGGTCTG GTAGGGTATG GGATTGTTTT ATATAAACTT TATCGTAATG TAAGAATATT 
AAAAACAGAT AATATAAAAA CAATAGGAAA GTCTGTATTT 

ATCATTGTAG TCCTATCTGC AACAGTAGAA AATTATATTG TAAATTTAAG TTTTGTATTT ATGCCAATAT 
Qrp,p,pq.rpQYrp,j. ATTAAATTCT ATATCTACTA TGGAATCAAC 
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TATTAACAAA 
TATGTTCTAT 
ATGATGATTT 
ATTGTACCTA 
GTTTAGATAG 
TTCATCAACG 
GGTAGAATAA 
GCACAGCAAA 
TGTTGACGGC 
TTACTTGCTA 
TGCAAAAGTG 
TCATTATATG 
CTTTATAAGA 
ATCTAAATTA 
TAACAGAAAT 
ATTCT^TTAG 
TTGTTAAAAT 
TTATAGCTTA 
CCAAAGAAAT 
CGTCCTCTGT 
TAATAATTTG 
CATCGTCCCA 
TGTATAAATA 
ATAATTCGGA 
TAGTCGCATT 
GCCAAGGGTG 
TTATTCATTC 
TGGTTATGAT 
GCAGAGCCGC 
ATGGTCATCG 
AAAAGAACTA 
TTGCTCTATG 
GCTTGTACTA 
CCTACTGGAA 
AGTAGAGGAG 
GCAAA.TATAA 
TCTCCAAACG 
GCTTATTATT 
TCTTTCTGAA 
ATGTTGTAAT 
AATCCAACAA 
CACATCTGGA 
CTTTCCGTAT 



CAACTGCAAA 
AGGTGGCAAG 
TTATGATAGC 
TTTTTAATAC 
CATTATTTCC 
GATATATGTT 
AACTTTTCCG 
TTATATTATG 
AACATTGTTG 
CTTTTGATGG 
TCAAATTGAT 
AGCGGTATCT 
ATATATATAT 
TTTAAAGAAT 
CTTTATTTTG 
AAAATTTAGA 
ATTTGGTGGA 
TTAATGTTCA 
TGCATATATT 
TTTTAAAAGA 
TTTAAAATTT 
'ATTTACAATG 
GCATTGTAAA 
AGAAATTTGT 
CGTTATTTTA 
ACTACTTAGC 
GGAGTTCATC 
AGGGTAGATG 
TTCCTACAAA 
CTTTGTGGTG 
TTTGAAGATT 
AGTTAGAAAA 
TTATGTTGAC 
TTTCAAAATG 
ATAAAGAGCT 
TCATTGGTTG 
CTATTTAGAA 
TGGTAGGGTG 
AACGGGGAAA 
AAATGGTTGA 
ATAGTAGAAT 
TTGGTCTGTT 
TTCGTTGACA 



CATAAATTGG 
ATAAAGATAG 
AAAGCAAGTT 
GGAAAAGTAC 
CAATCGTATA 
TGGAATACGC 
GTTACCAAAT 
TTTGTAGATT 
AGTCCTTATA 
AAATTATCAA 
TTGGAAGAGA 
TTAATAGCCC 
AAACCAAGGT 
ATAAAAAAAG 
CCAGAAGAAG 
AGAAAAAACT 
CAATATGAAT 
AAAATGGAGA 
TAAGTATTTA 
ATATGTAAAT 
TTTTAAATAC 
TTGAACAATA 
TCAGACCTAC 
TTAGCATATG 
AAAAAGAGAA 
TTTTATAGAC 
CAACGTTTAC 
CTTCGGGGCA 
TCAGGCTGTT 
GCCTGGAATA 
TTCGATTTGA 
AGTTGCAATA 
CGAGAAAATA 
AACGAATGGA 
CTTACTAGAG 
AGCAAACAGC 
TTGTATATAA 
TCTTCATCTT 
GATAAAATTC 
AAGAAAAGGG 
AGCACTCTTT 
GAGCAGCGTC 
TGGCTGTTCC 



CAGGAATAGA GTTTTGAGTT GCTATTAATT TGGTAGAGCA 

ACGGCATAAA AGGAATTAGA GGATGGAAAA AGTCAGCATT 
T T AAG.AG A.G T 

CTAATCTAGA GATTCTTTTG ATAGATGACG GTTCTTCAGA 
AGAGCAAGAT 

GGTGGTGTTT CAAACGCAAG GAATTACGGT ATCAAAAATA 
CTGATGATAT 

CACCTGTTTA AAAGAGAATG ATAGTGATTT GTCGGGAGGG 
GAATCTGAGC 

TAAAAGAGGT GCGAGACTTA GGAAATGAAA ATTTTCCCAA 
TTGTTGCAAA 

TTTGACACTG AACAGTGGTT AGGAGAGGAC TTATTATTTA 
TCCGCTATGT 

TTTACAAAGT ACTACAAATA CGTTTAAATA TGATGTTTTT 
TTTGATTTGT 

TTTCTGTTTT TAAAGAGACG CTACAGTGGC ATATTATTTA 
TGAATCGCTT 

TACAATAGGC ATTCTTTAGA TACTCTAAGT ATTAAACGAA 
TAATTGTTGC 

TTTAATTAGG GAAGAAAAAA ATAATGATTA ACATTTCTAT 
TCTATCCAAG 

AAACATATAG AGATTCTTCT GGTGAATGAC GGTAGTACGG 
CGAAGAAAGA 

CGGCGGGCTA TCAGATGCCC GTAATTATGG CATAAGTCGC 
TCAGATGATT 

ACGAAGCAAT TGAGAGAGAG AATGCCCTTG TGGCAGTTGC 
TTTCTTAACA 

CTGAGCGGCA GGAATGTTTG TAAAAAGCTG CTAGAGGCGG 
AACTCTATAA 

AAAGGGTAAG ATTCATGAAG ATGAATACTT CACTTATCGC 
GTTAAGGAGT 

GTATCATAAC TTCTAGTATG ACTGACCATC GCTTCCATTG 
CTTCTATGAA 

TGTTATCGTT CATTTTTAGC CTTTGCTGTT TTGTTTTTAa 
AAAAGAAGCT . -t ii i i 

ACAATTGAAG CAAAATAAGC GACTTGCTTT ACTAATGAAT 
AATTTTAGTG 

AAGAAAGATT GAGAAGAAGT GAAAGTAGTA CTCGGTAAGA 
GATTAAAATG 

GATACGATTA AATGTATCAT GGTACTTTGT GTTATTTTTA 
CATGGTTTAT 

AATTTTCNGT TGCTTCTGCC TATTTTCN 



Fig^ 5 cont* 
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ORF Z 



SLDIDHMMEVMEASKSAAGSACPSPQAYQAAFEGAENIIWTITGGLSGSFNAARVARDM 
YIEEHPNVNIHLIDSLSASGEMDLLVHQINRLISAGLDFPQVVEAITHYREHSKLLFVLA 
KVDNLVKNGRLSKLVGTWGLLNIRMVGEASAEGKLELLQKARGHKKSVTAAFEEMKKAG 
YDGGRIVMAHRNNAKFFQQFSELVKASFPTAVIDEVATSGLCSFYAEEGGLLMGYEVKA 



Fig. 6 
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ORF Y 



MKKYQVIIQDILTGIEEHRFKRGEKLPSIRQLREQYHCSKDTVQKAMLELKYQNKIYAVE 
KSGYYILEDRDFQDHTCRAQSYRLSRITYEDFRICLKESLIGRENYLFNYYHQQEGLAEL 
ISSVQSLLMDYHVYTKKDQLVITAGSQQALYILTQMETLAGKTEILIENPTYSRMIELIR 
HQGIPYQTIERNLDGIDLEELESIFQTGKIKFFYTIPRLHNPLGSTYDIATKTAIVKLAK 
QYDVYIIEDDYLADFDSSHSLPLHYLDTDNRVIYIKSFTPTLFPALRIGAISLPNQLRDI 
FIKHKSLIDYDTNLIMQKALSLYIDNGMFARNTQHLHHIYHAQWNKIKDCLEKYALNIPY 
RI PKGS VT FQLSKG ILS PS IQHMFGKCY YFSGQBCADFLQI FFEQDFADKLEQFVRYLNE 



Fig. 6 cont. 
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ORF X 



MKIIIPNAKEVNTNLENASFYLLSDRSKPVLDAISQFDVKKMAAFYKLNEAEO^LEADRW 
YRIRTGQAKTYPAWQLYDGLMYRYMDRRGIDSKEENYLRDHVRVATALYGLIHPFEFISP 
HRLDFQGSLKIGNQSLKQYWRPYYDQEVGDDELILSLASSEFEQVFSPQIQKRLVKILFM 
EEKAGQLKVHSTISKKGRGRLLSWLAKNNIQELSDIQDFKVDGFEYCTSESTANQLTFXR 

SIKM 



Fig^ 6 cont • 
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CPS2A 



MKKRSGRSKSSKFKLVNFALLGLYSITLCLFLVTMYRYNILDFRYLNYIVTLLLVGVAVL 
AGLLMWRKKARIFTALLLVFSLVITSVGIYGMQEWKFSTRLNSNSTFSEYEMSILVPAN 
SDITDVRQLTSILAPAEYDQDNITALLDDISKMESTQLATSPGTSYLTAYQSMLNGESQA 
MVFNGVFTNILENEDPGFSSKVKKIYSFKVTQTVETATKQVSGDSFNIYISGIDAYGPIS 
TVSRSDVNIIMTVNRATHKILLTTTPRDSYVAFADGGQNQYDKLTHAGIYGVNASVHTLE 
NFYGIDISNYVRLNFISFLQLIDLVGGIDVYNDQEFTSLHGNYHFPVGQVHLNSDQALGF 
VRERYSLTGGDNDRGKNQEPCVIAALIKKMSTPENLKNYQAILSGLEGSIQTDLSLETIMS 
LVNTQLESGTQFTVESQALTGTGRSDLSSYAMPGSQLYMMEINQDSLEQSKAAIQSVLVE 



Fig. 6 cont. 
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CPS2B 



MNNQE VNAI E I DVL FLL KT I WRKKFL I LLT AVLT AGLAFV Y S S FL VT PQ Y DS T TRI Y WS 
QNVEAGAGLTNQELQAGTYLAKDYREIILSQDVLTQVATELNLKESLKEKISVSIPVDTR 
IVSISVRDADPNEAARIANSLRTFAVQKWEVTKVSDVTTLEEAVPAEEPTTPNTKRNIL 
LGLLAGGILATGLVLVMEVLDDRVKRPQDIEEVMGLTLLGIVPDSKKLK 



Fig. 6 cont. 
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CPS2C 



MAMLEIARTKREGVNKTEEYFNAIRTNIQLSGADIKVVGITSVKSNEGKSTTAASLAIAY 
ARSGYKTVLVDADIRNSVMPGFFKPITKITGLTDYLAGTTDLSQGLCDTDIPNLTVIESG 
KVSPNPTALLQSKNFENLLATLRRYYDYVIVDCPPLGLVIDAAIIAQKCDAMVAWEAGN 
VKCSSLKKVKEQLEQTGTPFLGVILNKYDIATEKYSEYGNYGKKA 



Fig. 6,cont. 
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CPS2D 



MIDIHSHIIFGVDDGPKTIEESLSLISEAYRQGVRYIVATSHRRKGMFETPEKIIMINFL 
QLKEAVAEVYPEIRLCYGAELYYSKDILSKLEKKKVPTLNGSCYILLEFSTDTPWKEIQE 
AVNEMTLLGLTPVLAHIERYDALAFQSERVEKLIDKGCYTQVNSNHVLKPALIGERAKEF 
KKRTRYFLEQDLVHCVASDMHNLYSRPPFMREAYQLVKKEYGEDEIAKALFKKNPLLILPCN 
QVQ 



Fig. 6 cont. 
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CPS2E 



MNIEIGYRQTKLALFDMIAVTISAILTSHIPNADLNRSGIFIIMMVHYFAFFISRMPVEF 
EYRGNLI EFEKT FNYS 1 1 FVI FLMAVS FMLENNFALSRRGAVYFTLINFVLVYLFNVI IK 
QFKDSFLFSTTYQKKTILITTAELWENMQVLFESDILFQKNLVALVILGTEIDKINLPLP 
LYYSVEEAIGFSTREWDYVFINLPSEYFDLKQLVSDFELLGIDVGVDINSFGFTVLKNK 
KIQMLGDHSIVTFSTNFYKPSHIWMKRLLDILGAVVGLIISGIVSILLIPIIRRDGGPAI 
FAQKRVGQNGRIFTFYKFRSMFVDAEVRKKELMAQNQMQGGMFKMDNDPRITPIGHFIRK 
TSLDELPQFYNVLIGDMSLVGTRPPTVDEFEKYTPSQKRRLSFKPGITGLWQVSGRSDIT 
DFNEWRLDLTYIDNWTIWSDIKILLKTVKWLLREGGQ 



Fig. 6 cont. 
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CPS2F 



MRTVYIIGSKGIPAKYGGFETFVEKLTEYQKDKSINYFVACTRENSAKSDITGEVFEHNG 
ATCFNIDVPNIGSAKAILYDIMALKKSIEIAKDRNDTSPIFYILACRIGPFIYLFKKQIE 
SIGGQLFVNPDGHEWLREKWSYPVRQYWKFSESLMLKYADLLICDSKNIEKYIHEDYRKY 
APETSYIAYGTDLDKSRLSPTDSVVREWYKEKEISENDYYLVVGRFVPENNYEVMIREFM 
KSYSRKDFVLITNVEHNSFYEKLKKETGFDKDKRIKFVGTVYNQELLKYIRENAFAYFHG 
HEVGGTNPSLLEALSSTKLNLLLDVGFNREVGEEGAKYWNKDNLHRVIDSCEQLSQEQIN 
DMDSLSTKQVKERFSWDFIVDEYEKLFKG 



Fig, 6 cont. 
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CPS2G 



MKKILYLHAGAELYGADKVLLELIKGLDKNEFEAHVILPNDGVLVPALREVGAQVEVINY 
PILRRKYFNPKGIFDYFISYHHYSKQIAQYAIENKVDIIHNNTTAVLEGIYLKRKLKLPL 
LWHVHEIIVKPKFISDSINFLMGRFADKIVTVSQAVANHIKQSPHIKDDQISVIYNGVDN 
KVFYQSDARSVRERFDIDEEALVIGMVGRVNAWKGQGDFLEAVAPILEQNPKAIAFIAGS 
AFEGEEWRWELEKKISQLKVSSQVXRMDYYANTTELYNMFDIFVLPSTNPDPLPTVVLK 
AMACGKP VVG YRHGG VCEMVKEGVNG FLVT PNS PLNLSKVI LQLS EN I NLRKKI GNN S I E 
RQKEHFSLKSYVKNFSKVYTSLKVY 



Fig. 6 cont. 
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CPS2H 



MKI I S FTMVNNESE IIES FI RYNYNFI DEMVI IDNGCTDNTMQI I FNLIKEGYKISVYDE 
SLEAYNQYRLDNKYLTKIIAEKNPDLIIPLDADEFLTADSNPRKLLEQLDLEKIHYVNWQ 
WFVMTKKDDINDSFIPRRMQYCFEKPVWHHSDGKPVTKCIISAKYYKKMNLKLSMGHHTV 
FGNPNVRIEHHNDLKFAHYRAISQEQLIYKTICYTIRDIATMENNIETAQRTNQMALIES 
GVDMWETAREASYSGYDCNVIHAPIDLSFCKENIVIKYNELSRETVAERVMKTGREMAVR 
AYNVERKQKEKKFLKPIIFVLDGLKGDEYIHPNPSNHLTILTEMYNVRGLLTDNHQIKFL 
KVNYRLIITPDFAKFLPHEFIVVPDTXDIEQVKSQYVGTGVDLSKIISLKEYRKEIGFIG 
NLYALLGFVPNMLNRIYLYIQRNGIANTIIKIKSRL. 



Fig. 6 cont. 
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CPS2I 



MQADRRKTFGKMRIRINNLFFVAIAFMGIIISNSQWLAIGKASVIQYLSYLVLILCIVN 
DLLKNNKHIVVYKLGYLFLIIFLFTIGICQQILPITTKIYLSISMMIISVLATLPISLIK 
DIDDFRRISNHLLFALFITSILGIKMGATMFTGAVEGIGFSQGFNGGLTHKNFFGITILM 
GFVLTYLAYKYGSYKRTDRFILGLELFLILISNTRSVYLILLLFLFLVNLDKIKIEQRQW 
STLKYISMLFCAIFLYYFFGFLITHSDSYAHRVNGLINFFEYYRNDWFHLMFGAADLAYG 
DLTLDYAIRVRRVLGWNGTLEMPLLSIMLKNGFIGLVGYGIVLYKLYRNVRILKTDNIKT 
IGKSVFIIVVLSATVENYIVNLSFVFMPICFCLLNSISTMESTINKQLQT 



Fig* 6 cont. 
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CPS2J 



MEKVSIIVPIFNTEKYLRECLDSIISQSYTISILEILLIDDGSSDSSTDICLEYAEQDGRIK 
LFRLPNGGVSNARNYGIKNSTANYIMFVDSDDIVDGNIVESLYTCLKENDSDLSGGLLAT 
FDGNYQESELQKCQIDLEEIKEVRDLGNENFPNHYMSGIFNSPCCKLYKNIYINQGFDTE 
QWLGEDLLFNLNYLKNIKKVRYVNRNLYFARRSLQSTTNTFKYDVFIQLENLEEKTFDLF 
VKI FGGQYEFSVFKETLQWHI I YYSLLMFKNGDESLPKKLHI FKYLYNRHSLDTLS IKRT 
SSVFKRICKLIVANNLFKIFLNTLIREEKNND 



Fig. 6 cont. 
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CPS2K 



MINISIIVPIYNVEQYLSKCINSIVNQTYKHIEILLVNDGSTDNSEEICLAYAKKDSRIR 
YFKKENGGLSDARNYGISRAKGDYLAFIDSDDFIHSEFIQRLHEAIERENALVAVAGYDR 
VDASGHFLTAEPLPTNQAVLSGRNVCKKLLEADGHRFVVAWNKLYKKELFEDFRFEKGKI 
HEDEYFT YRLLYELEKVAI VKECLYYYVDRENS I ITSSMTDHRFHCLLEFQNERMDFYES 

RGDKELLLECYRSFLAFAVLFLGKYNHWLSKQQKKLLQTLFRIVYKQLKQNKRLALLMNA 
YYLVGCLHLNFSVFLKTGKDKIQERLRRSESSTR. 



Fig. 6 cont. 
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